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PREFACE  TO  THE  SECOND  EDITION. 


In  presenting  to  iron  and  steel  manufacturers  and  to 
others  a  second  edition  of  the  History  of  the  Manufacture  of 
Iron  in  All  Ages  I  copy  from  the  preface  to  the  first  edition, 
which  appeared  in  1884,  the  following  sentences  explanatory 
of  the  considerations  which  led  to  its  publication. 

"  No  historical  record  of  the  iron  industry  of  the  scope  of 
that  which  is  here  presented  has  been  undertaken  by  any  of 
the  authoritative  writers  upon  iron  and  steel.  Such  standard 
works  as  those  of  Alexander,  Overman,  Percy,  and  Bauerman 
are  more  technical  than  historical,  while  the  excellent  his- 
tory of  Mr.  Scrivenor  was  published  more  than  forty  years 
ago,  and  relates  almost  entirely  to  the  iron  industry  of  Great 
Britain.  None  of  the  works  mentioned  devote  much  atten- 
tion to  the  growth  of  the  American  iron  industry.  Most  of 
them,  indeed,  were  written  before  our  iron  industry  became 
especially  noticeable  for  either  enterprise  or  productiveness. 
The  history  of  that  industry,  written  from  a  sympathetic 
standpoint  and  with  a  full  knowledge  of  details,  and  par- 
ticularly with  a  knowledge*  of  its  marvelous  growth  in  the 
last  few  decades,  had  yet  to  be  written,  and  this  service  I 
have  endeavored  to  perform  in  the  present  volume  in  con- 
nection with  the  history  of  the  manufacture  of  iron  in  other 
countries.  I  have  aimed  especially  to  preserve  in  chrono- 
logical order  a  record  of  the  beginning  of  the  iron  industry 
in  every  country  and  in  every  section  of  our  own  country, 
and  to  follow  this  record  with  a  circumstantial  account  of 
the  introduction  into  our  country  of  all  modern  methods  of 
manufacturing  iron  and  steel.  Names  of  persons  and  places, 
exact  dates,  authentic  statistics,  and  accomplished  results 
have  been  preferred  to  technical  details,  although  these  have 
not  been  neglected. 

"  In  the  collection  of  the  materials  for  this  volume  I  have 
been  exceedingly  fortunate  in  possessing  a  personal  acquaint- 
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ance  with  most  of  the  leading  actors  in  the  wonderful  de- 
velopment of  our  American  iron  industry  during  the  pres- 
ent century,  and  in  learning  from  their  own  lips  and  from 
their  own  letters  many  of  the  incidents  of  that  development. 
It  is  the  exact  truth  to  say  that,  if  the  preparation  of  this 
history  had  been  delayed  for  a  few  years,  it  could  not  have 
been  written,  for  many  of  these  pioneers  are  now  dead." 

The  reasons  for  the  appearance  of  the  first  edition  hav- 
ing been  given  above  I  now  add  that  this  second  and  last 
edition  has  been  prepared  because  much  new  information 
relating  to  the  early  iron  history  of  our  own  country  and  of 
other  comitries  has  come  into  my  possession  since  1884,  and 
because  seven  succeedmg  years  of  great  activity  in  the  de- 
velopment of  the  world's  iron  and  steel  industries  have  been 
productive  of  important  statistical  and  other  results  w^hich 
are  eminently  worthy  of  preservation  in  a  condensed  and 
permanent  form.  The  second  edition  contains  132  pages  of 
historical  details  more  than   the  first  edition.    In  the  first 

edition  there  were  48  chapters.    Nearly  every  chapter  in  that 

• 

edition  has  been  in  part  rewTitten.  In  the  present  edition 
there  are  63  chapters.  Among  the  entirely  new  chapters  of 
the  second  edition  is  one  relating  to  the  early  discoveries  of 
coal  in  the  United  States,  and  another  detailing  the  connec- 
tion of  the  Washington  and  Lincoln  families  with  the  manu- 
facture of  iron  in  colonial  times.  All  accessible  statistical  in- 
formation relating  to  the  world's  production  of  iron,  steel, 
coal,  and  iron  ore  has  been  brought  down  to  the  latest  pos- 
sible periods. 

Duo  credit  is  given  in  the  text  to  the  printed  authori- 
ties which  have  been  consulted.  My  thanks  are  due  to  the 
friends  who  have  assisted  me  in  many  ways  in  the  collection 
and  verification  of  the  fresh  historical  and  statistical  mate- 
rials which  are  now  presented.  I  also  express  my  obliga- 
tions to  my  proof-readers,  Mr.  William  M.  Bemiey  and  Mr. 
William  G.  Gray,  who  have  with  great  pains  assisted  me  to 
guard  against  all  errors  of  a  serious  character. 

Philadelphia,  January  1,  1892. 
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u-atcheth  to  polish  it  jH'rferth/. — Eccksiasticus,  SS^  JS. 
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CHAPTER  I. 

THE    EARLIEST   USE    OF    IRON. 

The  use  of  iron  can  be  traced  to  the  earliest  ages  of 
antiquity.  Copper  and  bronze,  or  brass,  may  have  been  used 
at  as  early  a  period  as  iron,  and  for  many  centuries  after 
their  use  began  they  undoubtedly  superseded  iron  to  a  large 
extent,  but  the  common  theory  that  there  was  a  copper  or  a 
bronze  age  before  iron  was  either  known  or  used  is  discred- 
ited by  Old  Testament  history,  by  the  earlier  as  well  as  the 
later  literature  of  the  ancient  Greeks,  and  by  the  discoveries 
of  modern  antiquarians. 

In  his  inaugural  address  as  President  of  the  Iron  and 
Steel  Institute,  delivered  in  May,  1885,  Dr.  John  Percy,  the 
eminent  English  metallurgist,  briefly  considered  the  ques- 
tion whether  iron  was  or  was  not  used  before  bronze.  He 
said :  "  It  has  always  appeared  to  me  reasonable  to  infer 
from  metallurgical  considerations  that  the  age  of  iron  would 
have  preceded  the  age  of  bronze.  The  primitive  method, 
not  yet  wholly  extinct,  of  extracting  iron  from  its  ores  is  a 
much  simpler  process  than  that  of  producing  bronze,  and  in- 
dicates a  much  less  advanced  state  of  the  metallurgic  arts. 
In  the  case  of  iron  all  that  is  necessary  is  to  heat  the  ore 
strongly  in  contact  with  charcoal ;  whereas,  in  the  case  of 
bronze,  which  is  an  alloy  of  copper  and  tin,  both  copper  and 
tin  have  to  be  obtained  by  smelting  their  respective  ores 
separately,  to  be  subsequently  melted  together  in  due  propor- 
tions, and  the  resulting  alloy  to  be  cast  in  moulds,  requiring 
considerable  skill  in  their  preparation." 

Iron  was  doubtless  first  used  in  Western  Asia,  the  birth- 


place  of  the  human  race,  and  in  tlie  northern  parts  of  Africa 
which  are  near  to  Asia.  Tubal-cain,  who  was  bom  in  the 
seventh  generation  from  Adam,  is  described  in  King  Janies*s 
version  of  the  4th  chapter  of  Genesis  as  "  an  instructor  of 
every  artificer  in  brass  and  iron."  In  the  revise*!  version, 
which  appeared  iu  1885,  he  is  described  as  "  the  forger  of 
every  cutting  instrument  of  brass  and  iron."  Tlie  Egyptians, 
wliose  existence  as  a  nation  dates  from  the  second  genera- 
tion after  Noah,  and  whose  civiHmtion  is  the  most  ancient  of 
which  we  have  any  exact  knowledge,  were  at  an  early  peri- 
od familiar  witli  botli  the  use  and  the  maniifacture  of  iron, 
although  very  little  iron  ore  has  ever  been  found  witliin  the 
boundaries  of  Egj'pt  itself.  Iron  tools  are  mentioned  by  He- 
rodotus as  liaving  been  used  in  the  construction  of  the  pyr- 
amids. In  the  sepulchres  at  Thebee  and  Memphis,  cities  of 
such  great  antiquity  that  their  origin  is  lost  in  obscurity, 
butcliers  are  represented  as  using  tools  the  colors  of  which 
lead  antiquarians  to  conclude  that  they  wore  made  of  iron 
or  steel.  Iron  sickles  are  also  jjictured  in  the  tombs  at 
Memphis.  At  Tliebes  numerous  articles  of  iron  have  been 
found  which  are  preserved  by  the  New  York  Historical  So- 
ciety and  are  about  tliree  thousand  years  old.  They  include 
an  iron  helmet,  with  a  neck-guard  in  chain  armor;  a  frag- 
ment of  a  breastplate,  made  of  pieces  of  iron  in  the  form  of 
scales,  one  of  whicli  takes  tJie  sliape  of  a  cartouche  and  has 
stamped  thereon  the  name  of  the  Egyptian  king,  Shishak, 
who  invaded  Jerusalem  971  years  before  Christ;  and  an  iron 
arrow-head.  A  war-club,  studded  with  iron  spikes,  and  an 
iron  instrument  with  a  wooden  handle,  both  found  at  Sakka- 
rah,  in  Egypt,  arc  in  the  same  collection,  which  was  made  by 
Dr.  Henry  Abbott,  an  English  surgeon,  during  a  residenct;  of 
twenty  years  in  Cairo,  where  he  died  on  March  30,  1850. 

Tbotbiiios  the  First,  who  is  supposed  to  have  reignod 
about  seventeen  ctnturiea  before  Christ,  is  said,  in  a  long  iu-  i 
Bcription  at  Kamuk,  to  havu  received  from  the  chiefs,  trib- 1 
utary  kings,  or  allied  sovereigns  of  Lower  Egypt  present*  of  1 
silver  and  gold,  "burs  of  wrought  meUil,  and  vessels  of  cop- 
per, and  of  bronze,  and  of  iron."  From  the  rcgiou  of  M«m-| 
phis  he  received  wine,  iron,  lead,  UTOughl  molal,  tmiuuilfl,  and  f 
other  products.     Ait  expedition  whieh  Uie  same  king  seubl 
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against  Chadasha  brought  back  among  the  spoil  which  it 
had  taken  "  iron  of  the  mountains,  40  cubes." 

Belzoni  found  under  the  feet  of  one  of  the  sphinxes  at 
Kamak  an  iron  sickle  which  is  supposed  to  have  been  placed 
there  at  least  six  hmidred  years  before  Christ.  In  1837  a 
piece  of  iron  w^as  taken  from  an  inner  joint  of  the  great 
pyramid  at  Gizeh  under  circumstances  which  justify  the 
theory  that  it  is  as  old  as  the  pyramid  itself.  Both  of  these 
relics  are  preserved  in  the  British  Museum.  The  reference  to 
iron  in  Deuteronomy,  iv.  20,  apparently  indicates  that  in  the 
time  of  Moses  the  Egyptians  were  engaged  in  its  manufac- 
ture, and  that  the  Israelites  were  at  least  as  familiar  with  the 
art  as  their  taskmasters.  "  But  the  Lord  hath  taken  you, 
and  brought  you  forth  out  of  the  iron  furnace,  even  out  of 
Egypt."  This  expression  is  repeated  in  1st  Kings,  viii.  51. 
A  small  piece  of  very  pure  iron  was  found  under  the  obelisk 
which  was  removed  from  Alexandria  to  New  York  in  1880 
by  Commander  H.  H.  Gorringe,  of  the  United  States  Navy. 
This  obelisk  was  erected  by  Thothmes  the  Third  at  Heliopo- 
lis  about  1600  years  before  Christ,  and  removed  to  Alexandria 
twenty-two  years  before  the  Christian  era.  The  iron  found 
under  it  was  therefore  at  least  1900  years  old.  Commander 
Gorringe  died  in  New  York  city  on  July  7,  1885. 

As  iron  ore  of  remarkable  richness  is  now  found  in  Al- 
geria, in  the  northern  part  of  Africa,  occupying  the  territory 
of  ancient  Carthage,  it  is  entirely  reasonable  to  suppose  that 
the  Carthaginians,  nearly  a  thousand  years  before  Christ,  and 
the  Libyans  and  other  native  inhabitants  whom  the  Cartha- 
ginians succeeded,  would  not  be  behind  their  Egyptian  cotem- 
poraries  in  a  knowledge  of  the  use  and  manufacture  of  iron. 
The  Libyans  were  a  highly  civilized  people.  It  is  certain 
that  the  iron  mines  of  Algeria  were  worked  by  the  Romans 
before  the  Christian  era.  The  native  tribes  in  the  interior  of 
Africa  have  long  made  iron  by  the  most  primitive  methods. 

The  development  in  modern  times  of  the  rich  iron  ores  of 
Algeria  is  a  most  interesting  historical  fact,  as  the  Algerian 
mines  are  the  only  mines  of  iron  ore  in  either  Asia  or  Africa 
which  are  now  operated  on  an  extensive  scale,  and  the  only 
mines  worthy  of  mention  on  either  continent  from  which  the 
iron  and  steel  works  of  Europe  and  America  draw  a  part  of 
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their  ipapplies  of  ot^.  The  poestn;  enexkSTt  denrkji^nkeni  ot 
Uie  Aig^rimi  iixrCHi-re  m:ij«*  -iAiies  fr*>ai  abc«ot  1S4-L  Aii  the 
iron  ore  that  is  miri**i  is  exion^i.  In  1S72  the  «hif>menis 
from  these  mine*  to  Europtain  o>;mtries.  esfitcialiy  to  France, 
had  greatly  increa5e«L  In  that  year  the  total  production  of 
the  mines  wa*  neariy  4«»AM>  tons.  The  total  f^xjdaction  in 
18S6  was  4&i&3*>  tons. 

Iron  ore  i*  supposed  to  have  l>een  mined  in  Morocco  long 
before  the  beginning  of  the  Carthaginian  mle  in  Northern 
Africa,  and  it  is  said  that  old  Manriianian  iron-c»re  mines  can 
j'et  be  traced  at  the  foot  of  the  Djebel  Hadyd,  a  few  miles 
from  Mogadore.  on  the  Atlantic  c«:<ist. 

The  use  of  iron  and  the  an  of  manufacturing  it  were  in-  •- 
troduced  into  the  southern  and  western  portions  of  Arabia 
at  an  early  day,  and  this  may  have  l-een  done  by  the  Egyp- 
tians :  it  is  at  least  fullr  established  that  some  of  their  own 
works  were  located  east  of  the  Red  sea.  The  ruins  of  exten- 
sive iron  works  of  great  antiquity  and  of  undoubted  Egyp- 
tian origin  were  discovered  by  Mr.  Hartland  near  the  Wells 
of  Moses,  in  the  Sinaitic  peninsula,  about  1S73.  They  are 
fuUv  described  bv  St.  John  V.  Dav,  in  his  Prehistoric  Cst 
of  Iron  and  Steel.  Large  heaps  of  iron  cinder,  very  rich  in 
iron,  are  found  near  the  works.  The  "  iron  furnace ' '  from 
which  the  Israelites  were  brought  forth  may  have  embrac- 
ed these  works.  The  countries  which  lie  south  of  Egypt  are 
supposed  by  some  antiquarian  writers  to  have  made  iron  in 
large  quantities  in  prehistoric  times. 

Iron  was  known  to  the  Chaldeans,  the  Babylonians,  and 
the  Assyrians,  who  were  cotemporaries  of  the  early  Egj'pK 
tians.  Some  writers  suppose  that  the  Egj'ptians  derived  their 
supply  of  iron  principally  from  these  Asiatic  neighbors  and 
from  the  Arabians.  Ornaments  of  iron  have  been  found  in 
Chaldean  ruins,  and  Chaldean  inscriptions  show  that  iron  was 
known  to  the  most  ancient  inhabitants  of  Mesopotamia.  In 
the  ruins  of  Nineveh  the  English  antiquarian,  Layard,  found 
many  articles  of  iron  and  various  inscriptions  referring  to  its 
use.  Among  the  articles  discovered  by  him  were  iron  scales 
of  armor,  from  two  to  three  inches  in  length.  "  Two  or  three 
baskets  were  filled  with  these  relics."  He  also  found  "  a  per- 
fect helmet  of  iron,  inlaid  with  copi>er  bands."     In  the  Brit- 


IRON   IN   ALL   AGES.  5 

ish  Museum  several  tools  of  iron  are  preserved  which  were 
found  at  Nineveh  by  Layard,  including  a  saw  and  a  pick. 
The  art  of  casting  bronze  over  iron,  which  has  only  recently 
been  introduced  into  modern  metallurgy,  was  known  to  the 
Assyrians.  At  Babylon  iron  was  used  in  the  fortifications  of 
the  city  just  previous  to  its  capture  by  Cyrus,  in  the  sixth 
century  before  Christ.  In  a  celebrated  inscription  Nebuchad- 
nezzar declares :  "  With  pillars  and  beams  plated  with  copper 
and  strengthened  with  iron  I  built  up  its  gates."  The  huge 
stones  of  the  bridge  built  by  his  daughter  Nitocris  were  held 
together  by  bands  of  iron  fixed  in  place  by  molten  lead. 

The  Book  of  Job,  which  relates  to  a  patriarchal  period  be- 
tween Abraham  and  Moses,  contains  many  references  to  iron, 
even  to  "bars  of  iron,"  "barbed  irons,"  "the  iron  weapon," 
and  the  "  bow  of  steel."  In  the  19th  chapter  and  24th  verse 
the  "  iron  pen,"  which  could  be  used  to  engrave  upon  a  rock, 
is  mentioned.  In  the  20th  chapter  and  24th  verse  iron  and 
steel  are  both  mentioned,  showing  that  in  the  time  of  Job  the 
two  metals  were  both  in  use.  "  He  shall  flee  from  the  iron 
weapon,  and  the  bow  of  steel  shall  strike  him  through."  In 
the  28th  chapter  and  2d  verse  it  is  declared  that  "  iron  is 
taken  out  of  the  earth."  Job  is  supposed  to  have  lived  in 
the  northern  part  of  Arabia,  in  the  land  of  Uz,  which  was 
separated  by  the  Euphrates  from  Ur  of  the  Chaldees,  where 
Abraham  was  bom.  Iron  ore  of  remarkable  richness  is  said 
to  be  still  found  between  the  Euphrates  and  the  Tigris. 

Moses  led  the  children  of  Israel  out  of  Egypt  fifteen  or 
sixteen  hundred  years  before  the  Christian  era.  In  the  story 
of  their  wanderings  iron  is  frequently  mentioned.  When  the 
Israelites  spoiled  the  Midianites  they  took  from  them  iron 
and  other  metals.  "An  instrument  of  iron"  is  mentioned  in 
Numbers,  xxxv.  16.  Canaan,  the  land  of  promise,  is  described 
by  Moses  in  Deuteronomy,  viii.  9,  as  "  a  land  whose  stones 
are  iron."  Iron  is  said  to  be  still  made  in  small  quantities 
in  the  Lebanon  mountains.  In  Deuteronomy,  xxvii.  5,  6, 
and  in  Joshua,  viii.  31,  the  use  of  iron  tools  in  building  an 
altar  of  "whole  stones"  to  the  Lord  is  prohibited,  which 
shows  that  the  Israelites  in  the  days  of  Moses  not  only  i)os- 
sessed  a  knowledge  of  iron  tools  which  would  cut  stone,  but 
that  the  Egyptians,  from  whom  they  had  recently  separated. 
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must  have  possessed  the  same  knowleilge.  In  Deuteronomy, 
xxviii.  48,  a  "voke  of  iron~  is  mentioneil. 

After  the  Isnielites  came  mto  possession  of  Canaan  iron 
is  fre<|uently  mentioneil  in  their  history,  some  of  the  earliest 
references  being  to  chariots  of  iron,  which  the  Canaanites 
used  in  their  wars  with  them,  and  to  various  agricultural  im- 
plements and  other  tiH>ls  of  iron  and  to  iron  weapons  of  war. 
The  references  to  chariots  of  irvm  in  Joshua,  xvii.  16,  and  in 
Judges,  i.  19»  and  iv.  S»  show  that  the  Canaanites  were  far 
advanceil  in  the  military  art.  In  the  elaborate  description  of 
the  armor  of  Goliath  it  is  said  that  "  his  spear's  head  weighed 
six  hmidreil  shekels  of  iron."  Axes  and  Siiws  and  harrows  of 
iron  are  mentioneil  in  the  rvign  of  I>iivid,  and  axes  and  ham- 
mers and  tools  of  iron  an*  mentioneil  in  the  reign  of  Solo- 
mon. In  ProverlK?,  xxvii.  17,  Sidomon  sjnniks  of  one  use  of 
iron  which  shows  that  knives  must  have  been  made  of  it  in 
his  day.  **  Inm  shariHMieth  inni :  so  a  man  shar{>eneth  the 
countenance  of  his  friend."  We  n\id  also  in  Ecclesiastes,  x. 
10 :  "  If  the  iron  be  blunt,  and  he  do  not  whet  the  edge,  then 
must  he  put  to  mon^  stn^ngth."  When  David,  about  a  thou- 
sjind  years  before  the  Christian  era,  made  prejmrations  for 
the  building  of  the  temple  he  **  preimreil  iron  in  abundance 
for  the  nails  for  the  dinars  of  the  gates  and  for  the  joinings ;" 
and  in  his  instructions  to  Si>lomou  concerning  it  he  said  that 
he  had  prepareil  **  bniss  and  iron  without  weight,"  and  that 
"  of  the  gold,  the  silver,  and  the  brass,  and  the  iron,  there  is 
no  number."  When  Solomon  came  to  build  the  temple  he 
sent  to  Hiram,  kitig  of  Tyre,  for  **  a  man  cunning  to  work  in 
gold,  and  in  silver,  ami  in  brass,  and  in  iron."  The  Phoeni- 
cians were  celebrattnl  as  workers  in  all  the  metals,  and  Tvre 
was  their  great  city.  Istiiah  speaks  of  harrows  of  iron,  and 
in  the  34th  verse  of  the  10th  chapter  iron  axes  are  clearly 
referred  to.  "And  he  shall  cut  down  the  thickets  of  the  for- 
ests with  iron."  Jeremiah  speaks  of  "an  iron  pillar."  In 
Amos  we  read  of  "  thresliing  instruments  of  iron." 

The  great  strength  of  iron  is  frequently  referred  to  in 
the  Old  Testament.     In  Psalms,  ii.  9,  we  read  :  "  Tliou  shalt 

« 

break  them  with  a  rod  of  iron ; "  in  cvii.  10,  we  read  of  those 
who  sit  in  darkness  as  "  being  bound  in  affliction  and  iron  ; " 
in  cxlix.  8,  we  read  also  of  binding  "  kings  with  chains,  and 
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their  nobles  with  fetters  of  iron."     Daniel  says  that  "  iron 
breaketh  in  pieces  and  subdueth  all  things." 

Some  writers  have  contended  that  the  word  which  is 
translated  iron  in  the  Old  Testament  frequently  means  some 
other  metal.  It  is  a  sufficient  answer  to  this  criticism  to  say 
that  the  translators  of  King  James's  version  and  of  the  re- 
vised version  of  1885  agree  in  nearly  every  instance  in  their 
use  of  the  word  iron ;  but  to  this  agreement  of  learned  men 
three  hundred  years  apart  the  yet  more  significant  fact  may 
be  added  that  iron  is  frequently  mentioned  in  the  Old  Tes- 
tament in  connection  with  other  metals.  In  addition  to  the 
quotations  already  given  sustaining  this  statement  the  reader 
is  referred  to  Deuteronomy,  xxviii.  23  ;  1st  Chronicles,  xxix.  2 
and  7 ;  Isaiah,  xlv.  2,  and  Ix.  17 ;  Ezekiel,  xxii.  20,  and  xxvii. 
12.  It  may  also  be  added  that  in  Martin  Luther's  translation 
of  the  Old  Testament  into  German  he  always  uses  the  word 
eisen  wherever  the  word  iron  appears  in  English  translations. 

In  Jeremiah,  xv.  12,  the  question  is  asked  by  the  proph- 
et :  "  Shall  iron  break  the  northern  iron  and  the  steel  ?  "  The 
northern  iron  and  steel  here  referred  to  were  probably  prod- 
ucts of  Chalybia,  a  small  district  of  Armenia,  lying  on  the 
southeastern  shore  of  the  Black  sea,  the  inhabitants  of  which, 
called  Chalibees  or  Chalybians,  were  famous  in  the  days  of 
Asiatic  pre-eminence  for  the  fine  quality  of  their  iron  and 
steel.  Herodotus,  in  the  fifth  century  before  Christ,  speaks  of 
"  the  Chalybians,  a  people  of  ironworkers."  They  are  said  to 
have  invented  the  art  of  converting  iron  into  steel,  but  it  is 
probable  that,  as  they  used  magnetic  sand,  which  is  very  free 
from  impurities  and  is  easily  smelted  in  small  quantities, 
they  made  steel  mainly.  Latin  and  Greek  names  for  steel 
were  derived  from  the  name  of  this  people.  From  the  same 
source  we  obtain  the  words  now  in  common  use,  chalybean 
and  chalybeate. 

Other  eastern  nations  doubtless  made  steel  at  as  early  a 
day  as  the  Chalybians.  In  Ezekiel,  xxvii.  12,  the  merchants 
of  Tarshish  are  said  to  supply  Tyre  with  ircyi  and  other  met- 
als, and  in  the  19th  verse  of  the  same  chapter  the  merchants 
of  Dan  and  Javan  are  said  to  supply  its  market  w4th  bright 
iron.  Tarshish  is  supposed  to  have  been  a  city  in  the  south 
of  Spain,  and  Dan  and  Javan  were  possibly  cities  in  the  south 
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of  Arabia.  The  name  Tarshish  may,  however,  have  referred 
generally  to  the  countries  lying  on  the  western  shore  of  the 
Mediterranean  and  beyond  the  Pillars  of  Hercules.  Dan  and 
Javan  may  have  supplied  iron  made  in  the  southern  part  of 
Arabia,  or  they  may  have  traded  in  the  bright  iron,  or  steel, 
of  India.  The  period  embraced  in  the  references  quoted  from 
Ezekiel  was  about  six  hundred  years  before  Christ.  Both 
Tyre  and  Sidon  traded  in  all  the  products  of  the  east  and 
the  west  for  centuries  before  and  for  some  time  after  Ezekiel, 
and  iron  was  one  of  the  products  which  they  supplied  to  their 
neighbors,  the  Israelites. 

The  Persians  and  their  northern  neighbors,  the  Medes, 
made  iron  and  steel  long  before  the  Christian  era,  and  so  did 
the  Parthians  and  other  Scythian  tribes.  The  Parthian  ar- 
row was  first  tipped  with  bronze,  but  afterwards  with  steeL 
The  Parthian  kings  are  said  to  have  engaged  with  pride  in 
the  forging  and  sharpening  of  arrow-heads.  Herodotus  says 
that  an  *'  antique  iron  sword  "  was  planted  on  the  top  of  the 
mount  of  worship  used  by  the  Scjrthians.  Iron  is  still  made 
in  Persia  by  primitive  methods,  and  so  also  is  steel,  but*  both 
in  small  quantities. 

India  appears  to  have  been  acquainted  with  the  manufac- 
ture of  iron  and  steel  from  a  very  early  period.  Day  says 
that  in  the  British  Museum  are  iron  and  steel  tools,  probably 
three  thousand  years  old,  which  were  found  in  recent  Indian 
excavations.  Ktesias,  a  Greek,  who  lived  400  years  before 
Christ,  mentions  Indian  iron.  When  Alexander  defeated  Po- 
rus,  one  of  the  Punjaub  kings,  in  the  fourth  century  before 
the  Christian  era,  Porus  gave  him  thirty  pounds  of  Indian 
steel,  or  w^ootz.  This  steel,  w^hich  is  still  made  in  India  and 
Persia,  was  a  true  steel,  of  a  quality  unsurpassed  even  in  our 
day.  It  was  and  still  is  manufactured  by  a  proce^  of  great 
simplicity,  similar  to  that  by  which  crupible  steel  is  now 
made.  Ages  ago  the  city  of  Damascus  manufactured  its  fa- 
mous swords  from  Indian  and  Persian  steel.  Swords  are  still 
made  at  Damasc^^s,  but  of  inferior  quality.  The  cutlers  of 
India,  however,  now  make  the  best  of  swords  from  native 
steel.  George  Thompson  told  Wendell  Phillips  that  he  saw 
a  man  in  Calcutta  throw  a  handful  of  floss  silk  into  the  air 
which  a  Hindoo  cut  into  pieces  with  his  sabre. 
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The  people  of  India  further  appear  to  have  become  fa- 
miliar at  an  early  period  in  their  history  with  processes  for 
the  manufacture  of  iron  on  a  large  scale  which  have  since 
been  lost  A  cylindrical  wrought-iron  pillar,  which  weighs 
many  tons,  is  now  standing  at  the  principal  gate  of  the  an- 
cient mosque  of  the  Kutub,  near  Delhi,  in  India.  A  highly 
ornamented  capital  forms  the  upper  part  of  the  pillar.  An 
inscription  in  Sanscrit  is  usually  supposed  to  assign  the  erec- 
tion of  the  pillar  to  the  fourth  century  of  the  Christian  era. 
In  the  ruins  of  Indian  temples  of  great  antiquity  there  have 
been  found  wrought-iron  beams  similar  in  size  and  appear- 
ance to  those  used  in  the  construction  of  buildings  at  the 
present  time.    These  iron  beams  are  fully  described  by  Day. 

Two  American  scientists  have  visited  in  recent  years  the 
iron  pillar  at  Delhi,  and  have  favored  us  wuth  their  impres- 
sions concerning  it — Mr.  John  C.  F.  Randolph,  of  New  York 
city,  visiting  it  in  1874,  and  Dr.  Frank  Cowan,  of  Greens- 
burg,  Pennsylvania,  in  1884.  Mr.  Randolph  says :  "  I  sought 
to  obtain  a  few  grains  of  the  metal  for  analysis,  but  it  com- 
pletely dulled  two  cold  chisels  worked  by  my  servant,  with- 
out producing  any  marks  on  the  base  of  the  pillar."  Dr. 
Cowan  circumstantially  describes  the  pillar  as  follows  :  "  The 
iron  pillar  is  a  polished  and  inscribed,  cylindrical  and  taper- 
ing, shaft  of  metal,  surmounted  with  a  capital  which  con- 
sists of  a  series  of  beveled  rims  one  above  the  other ;  and, 
as  it  has  been  found  to  be  by  measurement,  it  has  a  total 
height  of  23  feet  and  8  inches,  about  22  feet  and  6  inches  of 
which  are  above  the  ground  and  14  inches  below,  and  a  di- 
ameter below  of  16.4  inches  and  above  of  12.05  inches.  The 
capital  is  about  3^  feet  long." 

The  period  at  which  China  first  made  iron  is  uncertain, 
but  great  antiquity  is  claimed  for  its  manufacture  in  that 
mysterious  country.  Iron  is  mentioned  in  a  Chinese  record 
which  is  said  to  have  been  written  two  thousand  vcars  be- 
fore  Christ,  and  in  other  ancient  Chinese  writings  iron  and 
steel  are  both  mentioned.  Pliny  the  Elder,  writing  in  the 
first  century  of  the  Christian  era,  thus  speaks  of  the  iron  of 
the  Seres,  which  is  the  Latin  name  for  the  people  of  China  : 
"Howbeit,  as  many  kinds  of  iron  as  there  be,  none  shall 
match  in  goodness  the  steel  that  cometh  from  the  Seres,  for 
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this  commodity  also,  as  hard  ware  as  it  is,  they  send  and 
sell  with  their  soft  silks  and  fine  furs.  In  a  second  degree 
of  goodness  may  be  placed  the  Parthian  iron."  This  early 
reference  to  Chinese  steel  is  historically  very  valuable. 

Iron  is  supposed  to  have  been  made  in  small  quantities 
in  Japan  and  Corea  in  ancient  times.  It  is  now  made  by 
primitive  methods  in  both  these  countries  and  in  China,  al- 
though modern  methods  have  been  attempted  in  both  China 
and  Japan.  The  remarkable  skill  and  taste  of  the  Ja{>anese 
metal-workers  in  modem  times,-  including  their  production 
of  swords  of  the  finest  temper  and  keenest  edge  and  other  ar- 
ticles of  iron  and  steel,  is  well  known  and  is  a  constant  mar- 
vel to  the  people  of  other  countries.  The  Chinese  and  the 
Coreans  are  also  noteii  for  their  skill  as  armorers  and  in  the 
manufacture  of  various  domestic  utensils  of  iron  and  steel. 

Further  inquiry  in  these  pages  into  the  evidences  of  the 
use  of  iron  by  the  oldest  nations  of  antiquity  is  unnecessary. 
It  may  be  assumed  as  susceptible  of  abundant  proof  that 
the  knowleilge  of  the  use  of  iron  was  common  to  the  people 
of  Asia  and  of  Northern  Africa  long  prior  to  the  Christian 
em.  The  Egyptians  and  their  innneiliate  neighbors  in  Asia, 
and  the  Libyans  and  others  in  Africa,  probably  made  iron 
long  before  the  days  of  Moses.  The  riioenicians  would  carry 
the  art  of  making  iron  to  their  own  great  colony,  Carthage, 
which  was  foundeil  as  early  at  least  as  the  ninth  century 
bi^fore  ('hrist,  and  to  all  the  colonies  and  nations  inhabiting 
tho  northern  and  southern  and  western  shores  of  the  Medi- 
terranean. Vha)nician  and  Carthaginian  merchants  obtained 
iron  from  such  wt^tern  countries  as  Morocvo  and  Spain,  and 
p<wsil)ly  even  from  India  and  China  in  the  east,  as  well  as 
from  nearer  sources.  But  in  time  the  merc^hants  of  Tvre 
and  the  ships  of  Tai^shish  deserteil  the  places  that  long  had 
known  them  ;  empire  after  empirt*  fell  in  ruins;  and  with  the 
failing  away  of  Asiatic  and  African  civilization  and  mag- 
nilieenet*  \\io  luauufacture  and  the  use  of  in.ni  in  Asia  and 
Africa  e<»ase<l  to  advance.  Egypt  has  certainly  not  made 
iron  for  about  two  thousiiml  veal's,  and  probablv  no  more 
iron  is  uuulv  in  all  Asia  tiMlav  than  was  made  in  its  borders 
tweiily  livt^  centuries  ago,  when  Babylon  was  **  the  glory  of 
kingdonis,  the  beauty  of  tlie  ChaUUvs  excellency." 
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CHAPTER   II. 

THE    EARLY  USE   OF  IRON   IN  EUROPE. 

The  authentic  history  of  the  use  of  iron  in  Europe  does 
not  begin  until  about  the  period  of  the  first  Olympiad,  cor- 
responding to  the  year  776  before  the  Christian  era,  although 
Grecian  poetry  and  the  fables  of  the  Grecian  heroic  age  have 
transmitted  to  us  many  references  to  iron  long  prior  to  that 
period.  Authentic  Grecian  history  itself  does  not  begin  until 
the  first  Olympiad. 

One  of  the  earliest  of  Grecian  fables  tells  of  the  hurling 
of  Hephsestus,  or  Vulcan,  the  Greek  god  of  fire,  from  Olym- 
pus by  Jupiter,  and  of  his  falling  upon  the  island  of  Lem- 
nos,  where  he  established  iron  forges,  afterwards  forging  the 
armor  of  Achilles  and  the  weapons  of  Hercules.  About  the 
time  of  Moses,  fifteen  or  sixteen  centuries  before  Christ,  the 
Phoenicians  are  said  to  have  introduced  into  Greece  the  art 
of  working  in  iron  and  other  metals.  Minos,  king  of  Crete,  is 
said  to  have  been  indebted  to  them  for  the  tools  which  ena- 
bled him  to  build  his  powerful  fleet.  In  the  fifteenth  centu- 
ry before  Christ  the  burning  of  the  forests  on  Mount  Ida,  in 
Crete,  is  said  to  have  accidentally  communicated  to  the  inhab- 
itants the  art  of  obtaining  iron  from  native  ores.  This  dis- 
covery enabled  the  Idsei  Dactyli,  who  were  priests  of  Cybele, 
to  introduce  the  manufacture  of  iron  and  steel  into  Phrygia, 
a  Greek  colony  in  Asia  Minor. 

So  read  some  of  the  stories  which  have  come  down  to  us 
from  the  heroic  age  of  Greece,  all  of  which  may  be  wholly 
fabulous,  but  there  is  nothing  improbable  in  the  conclusion 
which  may  be  derived  from  them,  that  they  point  to  a  very 
early  use  of  iron  by  the  Greeks.  From  Phoenicia  certainly, 
and  probably  also  from  Egypt,  they  w^ould  be  likely  to  de- 
rive some  knowledge  of  its  use  in  the  mechanic  arts  about 
a  thousand  years  before  Christ.  It  is  worthy  of  notice  that 
the  mythologies  of  both  Greece  and  Egypt  attributed  the  in- 
vention of  the  art  of  manufacturing  iron  to  the  gods,  a  fact 
which  of  itself  may  be  regarded  as  affording  sufficient  proof 
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of  the  great  antiquity  of  the  art  in  both  of  these  countries. 
The  poems  of  Homer,  who  is  supposed  to  have  lived 
about  850  years  before  the  Christian  era,  and  therefore  be- 
fore the  period  of  authentic  Grecian  history,  make  frequent 
mention  of  iron.  The  art  of  hardening  and  tempering  steel 
is  fully  described  in  the  reference  to  the  plunging  of  the  fire- 
brand of  Ulysses  into  the  eye  of  Polyphemus,  an  act  which  is 
likened  to  that  of  the  smith  who  "  plunges  the  loud-hissing 
axe  into  cold  water  to  temper  it,  for  hence  is  the  strength  of 
iron."  It  would  appear,  however,  from  the  offer  by  Achilles 
of  a  "  mass  of  iron,  shapeless  from  the  forge,"  as  a  prize  at 
the  funeral  games  of  Patroclus,  that  iron  was  not  abundant  in 
Greece  at  the  time  of  the  Trojan  war,  nor  in  the  days  of  Ho- 
mer himself.  Troy  fell  in  the  year  1184  before  the  Christian 
era.  Dr.  Schliemann  has  found  no  traces  of  iron  in  its  ruins. 
The  address  of  Achilles  to  the  Greeks  when  offering  the  prize 
indicates  how  valuable  iron  was  to  them  in  the  heroic  age. 

Stand  forth,  whoever  will  contend  for  this ; 
And  if  broad  fields  and  rich  be  his  this  mass 
Will  last  him  many  years.    The  man  who  tends 
His  floc^ks,  or  guides  his  plow,  need  not  be  sent 
To  town  for  iron :  he  will  have  it  here. 

When  Pisander  and  Hippolochus  begged  Agamemnon  to 
save  their  lives  they  offered  him  as  ransom  the  "  treasures " 
in  the  houses  of  Antimachus,  their  father,  **  brass,  gold,  and 
well-wrought  iron."  Homer  mentions  steel  axes  as  valuable 
prizes  to  be  contended  for  in  the  Grecian  games,  and  he  also 
mentions  steel  weapons  of  war,  although  rarely.  He  speaks 
again  of  some  iron  as  being  bright  and  white,  the  inference 
being  that  steel  is  referred  to.  The  Right  Honorable  William 
E.  Gladstone,  in  his  Homeric  Synch7'onisms,  says :  "  Iron  is  in 
Homer  extremely  rare  and  precious.  He  mentions  nothing 
,  massive  that  is  made  of  this  material."  Mr.  Gladstone  cites  a 
number  of  references  in  Homer  to  iron  and  steel — the  arrow- 
head of  Pandaros,  the  dagger  of  Achilles,  "  the  cutting  tool 
of  the  chariot-maker  for  such  fine  work  as  shaping  the  felloe 
of  the  wheel,"  a  knife  for  slaying  oxen,  and  axes  and  adzes 
of  steel. 

Hesiod,  who  is  supposed  to  have  been  cotemporary  with 
Homer,  mentions  iron  and  some  of  its  important  qualities. 
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He  uses  the  phrases,  bright  iron  and  black  iron.  Lycur- 
gus,  who  is  supposed  to  have  lived  about  the  time  of  Homer 
and  Hesiod,  is  said  to  have  required  the  Spartans  to  use  iron 
as  money ;  he  **  allowed  nothing  but  bars  of  iron  to  pass  in 
exchange  for  every  commodity."  These  bars,  for  which  iron 
rings  or  quoits  were  afterwards  substituted,  may  have  been 
made  from  the  iron  ores  which  were  found  in  abundance  in 
Laconia,  or  they  may  have  been  obtained  abroad. 

We  come  next  to  that  period  of  Grecian  history  which 
introduces  us  to  historical  personages  and  historical  events. 
The  iron  ores  of  Elba  were  worked  by  the  Greeks  as  early  as 
the  year  700  before  Christ.  They  called  the  island  ^Ethalia, 
"from  the  blAzes  of  the  iron  works."  The  working  of  the 
ores  of  this  island  is  mentioned  by  Herodotus,  who  lived  in 
the  fifth  century  before  Christ ;  by  Diodorus,  a  Sicilian  his- 
torian of  the  first  century  before  Christ ;  and  by  Strabo,  a 
Greek  traveler  and  geographer,  who  lived  at  the  beginning  of 
the  Christian  era.  The  Phoenicians  made  iron  on  the  island 
of  Euboea  at  a  very  early  day,  and  the  Greeks  afterwards  fol- 
lowed the  same  pursuit  on  the  same  island.  Strabo  speaks 
of  the  mines  of  Euboea  as  being  partially  exhausted  in  his 
day.  In  Boeotia,  on  the  mainland  of  Greece,  iron  was  also 
made  in  very  early  times,  and  probably  in  other  parts  of  the 
Grecian  mainland  and  on  the  Grecian  islands  where  iron  ore 
is  now  found.  On  the  island  of  Seriphos  the  ore  is  so  rich 
that  many  cargoes  of  it  have  been  exporteii  to  the  United 
States  and  Great  Britain  in  recent  years. 

Herodotus  speaks  of  iron  heads  to  lances  and  arrows  in 
his  day.  He  also  mentions  a  silver  bowl  inlaid  with  iron, 
the  work  of  Glaucus  the  Chian,  which  Alyattes  dedicated  at 
Delphi  about  the  middle  of  the  sixth  century  before  Christ. 
Chalybian  steel  was  imported  into  Greece  in  the  time  of  He- 
rodotus ;  and  in  the  time  of  Aristotle,  who  lived  a  century 
later,  the  Greeks  were  themselves  familiar  with  the  manufac- 
ture of  steel.  Sophocles,  who  died  in  the  year  400  before 
Christ,  speaks  of  the  tempering  of  iron  in  water.  The  man- 
ufacture of  swords  of  steel  about  this  time  received  much 
attention  in  Greece,  as  it  did  elsewhere.  The  father  of  De- 
mosthenes was  a  manufacturer  of  arms,  and  probably  of  steel 
swords,  in  the  fourth  century  before  Christ.     Iron  and  steel 
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weapons  began  to  displace  those  of  bronze  in  most  Mediter- 
ranean countries  soon  after  the  battle  of  Marathon,  which  was 
fought  in  the  year  490  before  Christ.  When  Xerxes  invaded 
Greece,  ten  years  after  the  battle  of  Marathon,  the  Assyrians 
in  his  army  carried  wooden  clubs  "  knotted  with  iron."  The 
use  of  iron  scythes  as  well  as  iron  sickles  was  common  among 
the  Greeks  about  this  time.  Dr.  Schliemann  says  that,  iron 
was  knowTi  to  the  Myceneans,  whose  capital  city,  Mycenae, 
was  destroyed  in  the  year  468  before  Christ.  In  the  fourth 
century  before  Christ  Alexander  is  said  by  Pliny  to  have 
strengthened  a  bridge  over  the  Euphrates,  at  Zeugma,  with 
a  chain  made  of  links  of  iron. 

Daimachus,  a  writer  who  was  cotemporary  with  Alexan- 
der, enumerates  four  different  kinds  of  steel  and  their  uses, 
the  Chalybdic,  Synopic,  Lydian,  and  Lacedaemonian.  Each 
kind  of  steel  was  adapted  to  the  manufacture  of  particular 
tools.  From  the  Chalybdic  and  Synopic  were  made  ordi- 
nary tools ;  from  the  Lacedaemonian  were  made  files,  augers, 
chisels,  and  stone-cutting  implements ;  and  from  the  Lydian 
were  made  swords,  razors,  and  surgical  instruments.  The  ac- 
counts left  by  this  writer  and  by  other  writers  indicate  great 
proficiency  in  the  use  of  steel  by  the  Greeks,  and  the  posses- 
sion by  them  of  much  skill  in  its  manufacture. 

A  few  years  ago  some  peasants,  digging  near  the  banks 
of  the  Danube,  on  the  Hmigarian  side,  opposite  to  Belgrade, 
turned  up  a  very  beautiful  and  finely  preserved  iron  or  steel 
helmet,  which  is  believed  to  be  a  specimen  of  antique  Greek 
work,  dating  from  probably  three  or  four  centuries  before 
the  Christian  era.  It  was  found  in  the  midst  of  wind-blown 
hillocks,  or  dunes,  of  dry,  shifting  sand  ;  hence  probably  its 
excellent  state  of  preservation.  The  helmet  is  light  and  thin, 
but  by  no  means  flimsy  or  unsubstantial.  At  the  country 
house  of  Mr.  G.  P.  Morosini,  at  Riverdale,  on  the  Hudson 
*  river,  in  New  York,  is  a  costly  collection  of  anns  and  armor 
from  the  wars  of  long  ago,  which  includes  a  Greek  helmet 
dating  back  hundreds  of  years  before  Christ.  It  has  rusted 
through  in  two  places,  and  looks  now  like  old  sheet  iron. 

A  description  of  one  of  the  naval  monsters  constructed  by 
Archimedes  for  Hiero,  king  of  Syracuse,  about  the  middle  of 
the  third  century  before  the  Christian  era,  shows  the  great 
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extent  to  which  the  use  of  iron  had  then  been  carried  by  the 
Greeks.  "  To  each  of  the  three  masts  was  attached  a  couple 
of  engines  which  darted  iron  bars  and  masses  of  lead  against 
the  enemy.  The  sides  of  the  ship  bristled  with  iron  spikes, 
designed  to  protect  it  against  boarding ;  and  on  all  sides  were 
likewise  grapples  which  could  be  flung  by  machines  into  the 
galleys  of  the  foe.  The  ship  was  supplied  with  twelve  anch- 
ors, of  which  four  were  of  wood  and  eight  of  iron." 

According  to  accepted  chronology  Rome  was  built  in  the 
year  753  before  the  Christian  era.  It  reached  the  culmina- 
tion of  its  power  about  the  end  of  the  first  century  of  that  era. 
The  period  from  its  foundation  to  the  beginning  of  its  de- 
cline embraced  about  nine  hundred  years.  During  the  first 
part  of  this  period  Rome  was  favored  with  the  experience  of 
older  nations  in  the  use  and  manufacture  of  iron,  and  during 
the  last  part  of  it  she  greatly  contributed  by  her  energy  and 
progressive  spirit  to  extend  its  use  and  increase  its  produc- 
tion. The  Greeks  were  the  great  teachers  of-  the  Romans  in 
all  the  arts,  including  metallurgy ;  but  the  Etruscans,  who 
were  neighbors  of  the  Romans,  and  by  whom  they  were  in 
time  supplanted,  also  contributed  greatly  to  their  knowledge 
of  the  arts  of  ancient  civilization.  The  Etruscans,  however, 
owed  their  civilization  in  large  part  to  the  Tyrrhenian  Greeks, 
with  whom  they  coalesced  centuries  before  Rome  was  found- 
ed. Etruria  was  largely  devoted  to  commerce,  and  among  the 
countries  with  which  it  traded  were  Phoenicia  and  Carthage, 
as  well  as  Greece  and  its  colonies.  From  all  these  countries 
Etruscan  civilization  was  invigorated  and  diversified,  and 
Rome  in  its  early  days  enjoyed  the  benefit  of  this  invigor- 
ation  and  diversification.  That  it  early  acquired  from  the 
Etruscans  a  knowledge  of  the  use  and  manufacture  of  iron 
can  easily  be  imagined,  and  subsequent  direct  contact  with 
Grecian  colonies  and  with  Greece  itself  would  extend  this 
knowledge. 

The  island  of  Elba  lay  off  the  Etruscan  coast,  and,  as  has 
already  been  stated,  its  iron  ores  were  extensively  used  by  the 
Greeks  about  the  time  when  Rome  was  founded.  Its  mines 
were  also  worked  by  the  Etruscans,  and  its  ores  were  smelted 
both  on  the  island  and  on  the  mainland.  They  were  also 
taken  to  other  countries  to  be  converted  into  iron.    After  a 
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lapse  of  twenty-five  centuries  the  iron  ores  of  this  celebrated 
island  are  still  exported,  many  cargoes  annually  finding  their 
way  to  the  United  States.  The  Romans  would  also  obtain 
iron  from  the  islands  of  Corsica  and  Sardinia,  but  chiefly 
from  Corsica.  This  island  was  occupied  by  the  Ligurians 
and  the  Etruscans  about  the  time  of  the  founding  of  Rome, 
and  by  the  Etruscans  for  centuries  afterwards.  The  Cartha- 
ginians succeeded  the  Etruscans,  and  the  Romans  the  Car- 
thaginians. Iron  has  been  made  in  Corsica  from  the  earliest 
times,  and  is  still  made  in  small  quantities.  The  island  has 
given  its  name  to  the  Corsican  forge,  which  is  yet  in  use. 
A  few  years  ago  ten  of  these  forges  were  in  operation  in  Cor- 
sica, and  they  were  probably  identical  in  character  w-ith  those 
which  were  used  on  the  island  w^hen  Rome  was  founded. 

Iron  is  frequently  mentioned  in  the  early  history  of  Rome. 
A  war  between  the  Romans  and  the  Etruscans,  the  latter  be- 
ing led  by  their  king,  Porsenna,  occurred  in  the  year  507  be- 
fore Christ,  and  among  the  conditions  of  peace  exacted  by 
the  victorious  Etruscan  king  was  one  which  prohibited  the 
Romans  from  using  iron  except  for  agricultural  purposes. 
This  incident  confirms  the  theory  that  iron  was  in  common 
use  by  the  Greeks  at  the  period  mentioned.  In  the  year  390 
before  Christ,  when  Rome  w^as  about  to  be  ransomed  from  the 
Gauls,  under  Brennus,  by  a  large  payment  of  gold,  Camillus, 
the  Roman  dictator,  indignantly  demurred,  and  declared  that 
Rome  should  be  ransomed  with  iron  and  not  with  gold,  and 
that  his  sword  alone  should  purchase  peace.  Another  nota- 
ble mention  of  iron  in  the  early  history  of  Rome  occurs  in 
the  account  of  the  defeat  of  the  Carthaginian  fleet  in  the  first 
Punic  war,  in  the  third  century  before  the  Christian  era.  The 
consul,  Duilius,  took  command  of  the  hastily-constructed  Ro- 
man fleet,  and  upon  encountering  the  Carthaginian  fleet  he 
connected  his  ships  with  those  of  the  enemy  by  means  of 
grappling-irons,  through  which,  and  the  superior  prowess  of 
the  Romans,  he  secured  for  Rome,  in  the  year  260  before 
Christ,  its  first  naval  triumph.  The  Etruscan  town  of  Pup- 
luna  is  said  to  have  furnished  Scipio  with  iron  in  the  second 
Punic  war,  and  it  is  stated  that  many  thousand  tons  of  scoria 
are  now  lying  on  the  beach  close  to  its  site. 

Some  of  the  swords  and  javelins   of  the  Romans  w^ere 
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certainly  made  of  iron,  or  more  likely  of  steel,  as  early  as 
the  fourth  century  before  the  Christian  era,  but  their  agri- 
cultural implements,  as  has  been  explained  in  the  reference 
to  Etruria,  were  made  of  iron  at  an  earlier  period.  The  Ro- 
man battering-ram,  which  w^as  borrowed  from  the  Greeks,  had 
a  head  of  iron,  and  iron  rings  were  placed  around  its  beam. 
The  Romans  used  this  engine  of  war  at  the  siege  of  Syracuse 
in  the  year  212  before  Christ.  Prior  to  this  time  iron  and 
steel  tools  were  in  common  use  among  the  shipwrights,  car- 
penters, masons,  and  other  tradesmen  of  Rome.  At  the  be- 
ginning of  the  Christian  era  iron  was  in  general  use  through- 
out the  Roman  empire,  the  supply  being  derived  from  many 
countries  which  were  subject  to  its  sway.  In  the  Acts  of  the 
Apostles,  xii.  10,  is  a  statement  which  indicates  that  iron  was 
used  at  this  period  for  architectural  purposes  and  in  public 
works.  "  When  they  were  past  the  first  and  the  second  ward 
they  came  unto  the  iron  gate  that  leadeth  unto  the  city." 
Iron  was,  however,  used  at  this  time  especially  for  tools,  ag- 
ricultural implements,  and  weapons  of  offense  and  defense. 

Pliny  says  that  "  iron  ores  are  to  be  found  almost  every- 
where." He  describes  in  detail  the  various  uses  to  which 
iron  was  applied  in  his  day,  and  places  it  at  the  head  of  all 
the  metals.  Vestiges  of  iron  used  by  the  Romans  in  the  first 
century  after  Christ  have  been  found  in  the  ruins  of  the 
Coliseum,  which  was  built  by  the  emperor  Vespasian.  This 
iron  was  used  as  clamps  to  bind  together  the  stones  of  that 
remarkable  structure.  Iron  has  also  been  found  in  the  ruins 
of  Pompeii,  which  was  destroyed  about  the  time  the  Coliseum 
was  built ;  also  steel  surgical  instruments. 

In  the  northern  part  of  Italy,  just  south  of  the  Alps,  cor- 
responding to  Piedmont  and  Lombardy  of  the  present  day, 
iron  was  made  by  the  Romans  in  the  first  and  second  centu- 
ries before  the  Christian  era.  This  part  of  Italy  has  contin- 
ued to  make  small  quantities  of  iron  ever  since  the  days  of 
Pliny,  the  business  being  mainly  confined  to  small  forges 
and  blast  furnaces.  Pliny  speaks  of  the  excellence  of  the 
water  at  Comum,  now  Como,  for  tempering  iron,  although 
he  says  that  iron  ores  w^ere  not  found  there.  Italy  was  very 
prominent  in  the  middle  ages  in  the  manufacture  of  orna- 
mental smithwork  of  iron,  and  for  the  manufacture  of  arms 
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and  armor  its  great  city  of  Milan  was  widely  celebrated  from 
the  end  of  the  fourteenth  to  the  end  of  the  sixteenth  century. 

Among  the  provinces  which  contributed  largely  to  the  Ro- 
man supply  of  iron  was  Noricum,  corresponding  to  the  pres- 
ent Styria  and  Carinthia  in  Austria.  Both  Pliny  and  Ovid, 
who  lived  at  the  beginning  of  the  Christian  era,  speak  of 
Norican  iron  as  being  of  superior  quality,  and  it  is  certain 
that  feri^m  noi^ciim  was  celebrated  throughout  Italy  before 
their  day.  The  best  of  swords  were  made  from  it  in  the 
reign  of  Augustus  and  were  favorably  mentioned  by  Horace. 
The  spathic  ores  of  Styria  and  Carinthia  are  still  held  in 
high  favor;  and  the  supply  of  ore,  especially  from  the  fa- 
mous iron  mountains  of  Erzberg  and  Hiittenberg,  shows  no 
signs  of  exhaustion  at  the  end  of  twenty  centuries  of  almost 
constant  use.  Iron  is  still  made  in  these  provinces  of  Austria 
in  small  forges  which  are  almost  as  primitive  in  character 
as  those*  used  by  their  ancient  Celtic  inhabitants.  Celtic  and 
Roman  implements  and  medals,  including  a  coin  of  the  em- 
peror Nerva,  who  lived  in  the  first  century  of  the  Christian 
era,  have  been  found  in  mounds  of  slag  in  the  vicinity  of 
Carinthian  iron  mines. 

Cotemporaneously  with  the  working  by  the  Celts  of  the 
Norican  iron  mines,  the  Quadi,  who  inhabited  the  province 
of  Moravia,  lying  north  of  Noricum,  also  made  iron.  The 
geographer,  Ptolemy,  who  lived  in  the  second  century  of  the 
Christian  era,  makes  mention  of  the  Quadi  as  ironworkers. 
Iron  was  also  made  in  Hungary  at  the  beginning  of  the 
Christian  era.  A  late  writer,  Anton  Kerpely,  of  Buda-Pesth, 
says :  "  Even  in  the  time  of  the  Romans,  and  in  the  first 
century  of  our  era,  the  excellent  iron  ores  of  Hungary  were 
mined  not  far  from  the  famous  Trajan  road  and  the  Roman 
colonies  lying  near  thereto."  Great  antiquity  is  also  claimed 
for  the  iron  industry  of  that  vast  country  which  was  known 
to  the  Romans  as  Sarmatia,  but  is  now  known  as  Russia  in 
Europe.  The  nomadic  Scythians  would  doubtless  carry  the 
art  of  ironmaking  to  the  Ural  mountains,  where  iron  ore  was 
and  still  is  abundant.  One  of  the  Greek  poets  calls  Scythia 
"  the  mother  of  iron,"  Scythia  comprising  the  countries  lying 
north,  east,  and  south  of  the  Caspian  sea. 

The  Phoenicians  founded  colonies  in  France  and  Spain 
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prior  to  the  sixth  century  before  Christ.  They  had  settle- 
ments on  the  Garonne  and  Rhone  in  Southern  Gaul.  The 
ancient  city  of  Massilia,  now  Marseilles,  is  supposed  to  occupy 
the  site  of  a  Phoenician  trading-post  which  fell  into  the  pos- 
session of  the  Phocaean  Greeks  about  the  period  above  men- 
tioned, who  gave  to  it  great  commercial  and  manufacturing 
importance.  The  Greeks  planted  other  colonies  in  Southern 
France.  The  city  of  Tartessus,  or  Tarshish,  is  supposed  to 
have  been  one  of  the  Phoenician  settlements  in  the  south 
of  Spain ;  the  city  of  Gades,  or  Cadiz,  was  another.  Tartes- 
sus stood  between  the  two  arms  of  the  Guadalquivir ;  but  in 
the  time  of  Strabo,  who  died  about  the  year  25  of  the  Chris- 
tian era,  it  had  ceased  to  exist.  Gades  was  its  near  neighbor 
and  still  exists.  The  Phoenicians  may  have  introduced  the 
manufacture  of  iron  among  the  native  inhabitants  of  France 
and  Spain ;  the  Celtiberians  of  the  latter  country  were  cer- 
tainly active  in  the  mining  and  working  of  metals  several 
hundred  years  before  the  Christian  era,  and  maintained  an 
extensive  trade  in  metals  with  Tyre  and  Carthage. 

Under  Grecian  influence,  which  succeeded  that  of  the 
Phoenicians  in  Spain,  the  Celtiberians,  who  inhabited  the  cen- 
tral and  northeastern  parts  of  the  country,  continued  to  make 
iron,  and  to  this  was  joined  the  manufacture  of  steel.  The 
famous  forges  of  Aragon  and  Catalonia  were  active  during 
the  Grecian  occupation  of  Spain.  The  Carthaginians  for 
a  brief  time  succeeded  the  Greeks  in  Spain,  and  about  two 
centuries  before  the  Christian  era  the  Romans  succeeded  the 
Carthaginians.  The  Romans  greatly  extended  the  arts  of 
their  advanced  civilization  among  the  native  inhabitants  of 
Sj)ain.  They  gave  special  encouragement  to  the  manufacture 
of  iron  and  steel,  although  in  justice  to  the  Celtiberians  it 
must  be  said  that  their  metallurgical  skill  was  at  least  equal 
to  that  of  the  Romans.  Polvbius,  a  Greek  historian  who 
flourished  in  the  second  century  before  Christ,  says  that  the 
helmet  and  armor  of  the  Roman  soldier  were  of  bronze,  but 
that  the  sword  was  a  cut-and-thrust  blade  of  Spanish  steel. 
At  the  battle  of  Cannte,  in  the  year  21 G  before  Christ,  the 
Romans  had  leiimed  from  the  Carthaginians  at  very  great 
cost  the  value  of  the  Spanish  sword. 

Livy  has  recorded  the  fines  which  were  imposed  by  Cato 
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the  Censor  on  the  Celtiberian  iron  M^orks  in  the  year  194 
before  Christ,  after  the  Roman  war  Math  Spain.  About  the 
time  these  fines  were  imposed  the  town  of  Bilbilis,  near  the 
present  Moorish-built  town  of  Calatayud,  in  Aragon,  and  the 
little  river  Salo  were  celebrated  as  the  centre  of  the  iron  dis- 
trict of  Celtiberia.  The  water  of  the  Salo  was  supposed  to 
possess  special  qualities  for  tempering  steel.  The  same  ex- 
cellence was  attributed  to  some  other  streams  in  Spain  and 
other  ironmaking  countries.  Diodorus  speaks  of  the  excellent 
two-edged  swords,  "  exactly  tempered  with  steel,"  and  of  other 
arms  which  the  Celtiberians  in  Aragon  manufactured  from 
rods  of  iron  which  had  been  rusted  in  the  ground  "  to  eat 
out  all  the  weaker  particles  of  the  metal,  and  leave  only  the 
strongest  and  purest."  He  says  that  the  swords  which  were 
manufactured  from  these  rods  "  are  so  keen  that  there  is  no 
helmet  or  shield  which  can  not  be  cut  through  by  them." 
Plutarch,  who  died  about  the  year  140  of  the  Christian  era, 
gives  the  same  account  of  the  Celtiberian  method  of  purify- 
ing iron.  Pliny  speaks  of  the  excellent  iron  of  Bilbilis  and 
Turiasso,  the  latter  a  town  in  Tarragona,  and  of  an  extensive 
mountain  of  iron  upon  the  coast  of  Biscay,  probably  Somor- 
rostro.  Iron  ore  from  the  coast  of  Biscay  and  other  parts  of 
Spain  is  now  exported  in  large  quantities  to  Great  Britain, 
Germany,  the  United  States,  and  other  countries. 

Toledo  has  been  famous  since  the  Roman  occupation  of 
Spain  for  its  manufacture  of  steel  swords,  but  this  industry 
existed  at  Toledo  before  the  api)earance  of  the  Romans.  The 
town  was  captured  by  them  in  the  year  192  before  Christ. 
The  Roman  army  from  that  time  forward  was  provided  with 
steel  swords  from  Toledo  and  other  places  in  Spain.  Tl^ 
manufacture  of  Toledo  blades  probably  attained  its  greatest 
development  in  the  fifteenth  and  sixteenth  centuries.  A  cer- 
tain degree  of  mystery  has  always  surrounded  the  manufac- 
ture of  these  swords,  and  the  same  may  be  said  of  the  manu- 
facture in  ancient  times  of  the  equally  celebrated  Damascus 
blades. 

The  manufacture  of  swords  at  Toledo  still  continues  in  a 
restricted  way.  A  recent  traveler,  describing  the  ruined  con- 
dition of  the  ancient  city,  refers  as  follows  to  the  building  in 
which  the  famous  blades  were  once  forged  in  such  great  num- 
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bers :  "  A  few  artisans  still  work  there  for  the  Spanish  army, 
but  they  do  very  little  beyond  turning  out  a  few  weapons 
for  show." 

The  iron  industry  of  Spain  was  the  first  in  the  world  for 
hundreds  of  years  after  the  Romans  obtained  a  foothold  in 
the  country,  surviving  the  downfall  of  the  Roman  power  in 
the  Peninsula  in  the  fifth  century  after  Christ  and  flourish- 
ing under  the  subsequent  rule  of  the  Visigoths.  This  distinc- 
tion was  strengthened  when  the  Moors  became  masters  of  the 
greiiter  part  of  Spain  in  the  beginning  of  the  eighth  century 
of  the  Christian  era.  They  stimulated  the  further  develop- 
ment of  the  iron  manufacture  in  the  districts  subject  to  their 
sway.  At  the  same  time  the  native  inhabitants  who  had  suc- 
cessfully resisted  the  Moorish  arms  continued  to  push  their 
small  Catalan  forges  still  farther  into  the  Pyrenees  and  along 
the  coast  of  Biscay,  lighting  up  the  forests  in  every  direction. 
So  prominent  did  the  iron  industry  of  Spain  become  that  its 
ironworkers  were  sought  for  by  other  countries,  and  on  the 
French  side  of  the  Pyrenees,  and  in  the  mountains  of  Ger- 
many, and  along  the  Rhine  they  set  up  many  of  their  small 
forges.  The  Catalan  forge,  which  received  its  name  from 
Catalonia,  has  been  introduced  into  every  civilized  country  of 
modern  times  which  produces  iron,  and  it  still  exists  in  al- 
most its  original  simplicity  in  the  mountains  of  both  Spain 
and  France  and  in  the  Southern  States  of  our  own  country. 
Spain  continued  to  make  large  quantities  of  iron  and  steel  of 
the  best  qualities  down  to  the  closing  years  of  the  eighteenth 
century,  when  its  iron  and  steel  industries  began  to  decline 
in  consequence  of  the  greater  •enterprise  of  other  countries 
and  their  adoption  of  modem  methods  of  manufacture.  Ger- 
many and  England  had  previously  surpassed  Spain  in  the 
quantity  but  not  in  the  quality  of  the  iron  and  steel  they 
respectively  produced. 

The  Basque  provinces,  in  the  northeastern  part  of  Spain 
and  in  the  extreme  southwestern  part  of  France,  on  the  coast 
of  Biscay,  |>ossessed  an  extensive  iron  industry  from  the  days 
of  the  Romans  until  the  period  mentioned  at  the  close  of  the 
last  paragraph.  In  the  fourteenth  century  Bilbao  (pronounced 
Bilbo)  became  a  centre  of  this  industry,  which  included  the 
making  of  swords  of  unsurpassed  quality,  like  those  of  Tole- 
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do.  Shakespeare  frequently  refers  to  the  *'  bilbo,"  a  Spanish 
sword,  which  derived  its  name  from  Bilbao.  In  the  Merry 
Wives  of  Windsor y  act  1,  scene  1,  Pistol  says  to  Falstaff :  "  Sir 
John  and  master  mine,  I  combat  challenge  of  this  latten  bil- 
bo." In  act  3,  scene  5,  Falstaff  says  to  Ford :  "  I  suffered  the 
pangs  of  three  several  deaths  :  ....  to  be  compassed, 
like  a  good  bilbo,  in  the  circumference  of  a  peck,  hilt  to 
point,  heel  to  head,"  a  comparison  which  shows  the  great 
flexibility  of  the  Spanish  sword.  In  Hamlet^  act  5,  scene  2, 
iron  fetters  called  "  bilboes  "  are  mentioned  by  Hamlet  in  ad- 
dressing Horatio,  although  their  mention  in  Hamlet  may  be  an 
anachronism.  Sir  Walter  Scott  also  refers  to  the  swords  of 
Bilbao.    In  The  Lay  of  the  Last  Minstrel  we  read  as  follows : 

His  Bill)oa  blade,  by  Marchmen  felt. 
Hung  in  a  broad  and  studded  lx»lt ; 
Hence,  in  rude  phrase,  the  Borderers  still 
Called  noble  Howard  "  Belted  Will." 

A  French  writer,  M.  Alexandre  Pourcel,  has  recently  pre- 
pared with  great  care  a  most  interesting  and  valuable  account 
of  the  iron  industry  of  the  Basque  provinces.  He  quotes  first 
the  statement  by  Pliny :  "  On  the  coast  of  Cantabria  washed 
by  the  ocean  a  high  mountain  rises  precipitously,  which,  in- 
credible as  it  may  appear,  is  nothing  but  an  immense  block 
of  iron  ore,"  which,  he  says,  evidently  refers  to  the  mountain 
of  Triano,  (or  Somorrostro,)  in  the  Spanish  province  of  Bis- 
cay, and  then  adds : 

Oral  tradition  remained  almost  the  sole  dejK)sitory  of  the  history*  of 
the  Basque  country  up  to  a  comparatively  recent  i>erio(l ;  and  the  ar- 
chives do  not  go  back  beyond  the*  early  years  of  the  sixteenth  century. 
The  historians  who  wrote  in  the  sixteenth  and  seventeenth  centuries  re- 
late that  from  the  tenth  century  the  incomparable  rena  dulce  was  shij)|>ed 
on  the  river  of  Bilbao,  the  Nerba  or  Nervion,  and  transi)orted  to  the  dif- 
ferent i)orts  of  the  province  of  Guipuzcoa,  to  San  Sebastian,  Pasajes,  and 
even  to  Saint-Jean-de-Luz,  Cape  Breton,  or  Bayonne.  At  the  same  period 
the  Biscayans  exported  to  France,  the  Netherlands,  and  England  their  iron, 
which  had  already  become  celebnited,  and  which  they  extracted  from  the 
trnu  diilrc. 

M.  Pourcel  next  refers  to  a  description  of  the  Catalan 
process,  written  by  Don  Pedro  de  Medine  in  1595,  and  says : 

According  to  this  author  there  were  at  that  period  in  Biscay  and 
(tuipuzcoa,  where  the   Somorrostro  ore  was  sent,  300  firreriaSy  each  of 
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which  produced  about  1,000  cwt  of  iron  and  steel  per  annum,  a  total  of 
al>out  300,000  cwt.,  (quintals,)  or  rather  less  than  15,000  tons,  of  which  a 
thii'd  was  immediately  disposed  of  in  these  two  provinces  for  naval  con- 
struction ;  another  third  was  turned  into  fire-anns,  tools  of  every  descrip- 
tion, nails,  and  agricultural  implements ;  while  the  remainder  was  export- 
ed in  the  form  of  bars.  Accordinjjf  to  Father  (Tabriel  de  Henao,  at  the 
beginning  of  the  sixteenth  century  there  were  more  than  80  reducing 
hearths  in  Biscay,  and  in  the  middle  of  the  following  century,  in  1658, 
he  counted  himself  as  many  as  107  fires,  producing  iron  in  large  lumps, 
and  70  working  at  finishing  processes.  The  finished  products  of  every 
description  exceeded  100,000  cwt.,  (quintals,)  about  4,900  tons.  It  was  dur- 
ing the  eighteenth  century  that  the  iron  industry'  o^  the  Basque  country 
reached  its  apogee  with  a  production  in  certain  years  of  more  than  12,000 
tons  in  Biscay  alone.  At  that  time  this  province  .had  245  hearths  in 
operation.  The  one  desc^ription  of  ore  which  was  smelted  in  the  ferreriaa 
of  the  Basque  country  and  the  neighboring  provinces  was  the  vena  dulcey 
a  red  hematite,  almost  free  from  gangue,  soft  and  sticky  to  the  touch,  and 
easilv  cut  with  a  tool. 

The  works  celebrated  for  forgings  were  situated  in  Guipuzcoa.  Don 
Jeronimo  Ustariz,  Royal  Secretary  for  the  Indies,  in  a  memoir  drawn  up 
by  order  of  Philip  V.,  in  1724,  with  reference  to  the  state  of  commerce 
and  naval  affairs,  mentions  the  forges  of  Placencia,  in  Guipuzcoa,  distant 
three  leagues  from  the  sea,  as  being  capable  of  furnishing  all  the  arms 
that  the  fleet  might  require,  and  all  the  iron  work  for  shipping  purposes, 
such  as  anchors,  etc.  In  1748,  in  a  report  on  the  artillery,  presented  to 
"Ferdinand  VI.,  the  Marquis  de  la  Ensenada,  a  celebrated  statesman,  ex- 
presses himself  in  the  following  terms :  "  Whereas  the  iron  of  Cantabria 
is  the  very  best  obtainable,  it  follows  naturally  that  anns,  such  as  muskets, 
pistols,  carbines,  etc.,  made  with  this  iron,  must  be  of  the  best  quality. 
It  is  therefore  of  importance  that  the  manufectories  of  Guipuzcoa,  which 
make  a  specialty  of  this  class  of  work,  should  be  caUed  into  requisition 
for  supplying  Spain  and  America  with  this  material."  Towards  the  end 
of  the  century,  in  1785,  Guipuzcoa  possessed  eighteen  manufiictories  of 
ships'  anchors.  These  works  supplied  not  only  the  state  arsenals  but  ex- 
ported their  manufectures  to  France  and  England.  Just  about  the  same 
time  we  find  from  the  ofiicial  reix)rts  furnished  to  the  seigniory  of  Biscay 
that  there  were  154  ferrerias  in  full  work  in  this  province,  producing  7,300 
tons  of  iron  annually.  From  that  time  the  ancient  iron  industry  of  Bis- 
cay has  been  constantly  declining. 

We  have  quoted  liberally  from  M.  PourcePs  account  be- 
cause of  its  great  historic  value.  We  are  pleased  to  be  able 
to  supplement  these  details  with  the  general  statement  that 
during  recent  years  the  iron  industry  of  Spain  is  being  re- 
vived through  the  introduction  at  Bilbao  and  elsewhere  of 
modern  processes  of  manufacture,  to  which  its  rich  ores  are 
so  admirably  adapted. 

France  did  not  at  an  early  period  in  its  history  make  tlie 
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same  progress  in  the  manufaetare  of  iron  that  has  been  re- 
corder! of  Sfiain,  partly  because  it  did  not  receive  the  same 
outside  attention  which  made  Spain  a  centre  succ-easively  of 
Phoenician,  Grecian,  Carthaginian,  Roman,  Gothic,  and  Moor- 
ish civilization,  but  partly  also  because  it  did  not  possess  as 
rich  iron  ores  as  those  of  Spain.  It  may  be  saii  however, 
that  iron  weapons  were  well  known  to  the  Gauls  who  con- 
fronted the  Romans  hundreds  of  vears  before  the  Christian 
era  and  to  their  successors  who  opposed  the  armies  of  Julius 
Caesar,  who  frequently  refers  to  their  use  of  iron.  In  speak- 
ing of  the  Veneti,  who  inhabited  the  southern  part  of  Britta- 
ny, which  forms  the  northwestern  part  of  France,  he  makes 
the  remarkable  statement  that  the  anchors  for  their  ships 
were  fastened  to  them  with  iron  chains  instead  of  cables.  He 
also  says  that  the  benches  of  the  ships  were  fastened  with  iron 
spikes  of  the  thickness  of  a  man  s  thumb.  This  circumstan- 
tial account  denotes  great  familiarity  with  the  use  of  iron 
by  the  VenetL  In  describing  the  siege  of  Avaricum,  the 
modem  Bourges,  a  fortified  town  of  the  Bituriges,  Caesar  says 
that  **  there  are  in  their  territories  extensive  iron  mines,  and 
consequently  every  description  of  mining  operations  is  known 
and  practiced  by  them.''  We  have  already  referred  to  the 
existence  of  an  early  iron  industry  in  the  French  j>art  of  the 
Basque  provinces. 

For  hundreds  of  years  after  Caesar's  time  only  faint  glimp- 
ses are  furnished  us  of  an  iron  industry-  in  France.  During 
this  period  it  was  doubtless  wholly  confined  to  Catalan  forges. 
In  the  remains  of  a  celebrated  bridge  erected  by  Charlemagne 
over  the  Rhine,  at  Mayence,  in  the  latter  part  of  the  eighth 
centurv,  and  which  have  but  recentlv  been  removed,  iron  in  a 
good  state  of  preser\'ation,  "  being  covered  by  only  a  thin  layer 
of  rust,''  has  been  found  riveted  to  the  wood-work.  Stilcb'/en, 
or  high  bloomaries,  were  in  use  in  Alsatia  and  Burgundy  in 
the  tenth  century.  When  William  the  Norman  invaded  Eng- 
land in  1066  he  was  accompanied  by  many  smiths  who  were 
armorers  and  horse^shoers,  and  were  therefore  skilled  workers 
in  iron.  The  modem  blast  furnace  is  supposes!  to  have  origi- 
nated in  the  Rhine  provinces  about  the  beginning  of  the  four- 
teenth century,  but  whether  in  France,  Germany,  or  Belgium 
is  not  clear.    A  hundred  years  later,  in  1409,  there  was  a  blast 


IRON   IK   ALL   AOBS.  25 

furnace  in  the  valley  of  Massevaux  in  France,  and  it  is  claim- 
ed by  Landrin  that  there  were  many  blast  furnaces  in  France 
about  1450. 

Iron  was  made  by  the  Belgse  as  early  as  the  time  of  Julius 
Cffisar,  and  possibly  at  an  earlier  date.  Heaps  of  iron  cinder, 
which  antiquarians  decide  to  be  as  old  at  least  as  the  Roman 
occupation  of  Gallia  Belgica,  have  recently  been  found  on 
the  tops  of  iron-ore  hillocks  in  the  provinces  of  Brabant  and 
Antwerp,  and  in  these  cinder  heaps  have  been  discovered 
flint  arrow-heads  and  fragments  of  coarse  pottery,  character- 
istic of  the  earliest  dawn  of  civilization.  During  the  Roman 
occupation  iron  was  produced  in  many  places,  a  fact  which  is 
attested  by  heaps  of  cinder  or  slag  which  yet  exist  and  are 
found  in  association  with  Roman  relics.  It  has  been  suppos- 
ed that  the  iron  which  was  made  in  Belgium  at  this  period 
was  produced  in  low  bloomaries  without  an  artificial  blast 
It  is,  perhaps,  a  more  reasonable  supposition  that  the  Romans 
found  this  primitive  method  in  use  among  the  Belgians,  and 
that  they  introduced  an  artificial  blast  by  means  of  a  leather 
bellows. 

We  do  not  again  Hear  of  the  Belgian  iron  industry  until 
the  tenth  century,  when  high  bloomaries,  or  wolf  furnaces, 
likewise  known  as  stucko/en,  were  in  operation  in  the  valley  of 
the  Meuse.  We  are  informed  by  M.  Julien  Deby,  in  a  paper 
on  the  iron  and  steel  industries  of  Belgium,  that  "  iron  was 
made  to  perfection  in  the  Netherlands"  in  the  twelfth  cent- 
ury. In  the  fourteenth  century  high  furnaces,  or  Jlmsfjfen, 
were  in  existence  in  Belgium.  In  1340  a  furnace  of  this 
kind  was  built  at  Marche  les  Dames,  near  Namur,  to  which 
special  privileges  were  granted  in  1345  by  William,  count  of 
Namur.  Franquoy  refers  to  document^iry  evidence  that  there 
were  liaiiis  fammeaux,  or  blast  furnaces,  at  Vennes  and  Griveg- 
nee,  near  Liege,  in  Belgium,  before  1400.  All  these  furnaces, 
except  the  wolf  furnaces,  were  true  blast  furnaces,  producing 
cast  iron.  In  1560  there  were  in  operation  in  the  province 
of  Namur,  according  to  Karsten,  35  blast  furnaces  and  85 
forges.  In  1613  permission  was  granted  to  two  armorers  of 
Maestricht  to  convert  iron  into  steel,  probably  cemented  steel. 
The  celebrated  works  of  the  John  Cockerill  Company,  at 
Seraing,  near  Liege,  were  not  established  until  1817. 
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Near  Saarbrucken,  in  Prussia,  where  the  first  battle  be- 
tween the  French  and  the  Germans  occurred  in  the  war  of 
1S70.  iron  is  said  to  have  been  made  in  the  davs  of  Roman 
ascendency,  but  the  Germans  do  not  appear  during  this  |>e- 
riod  to  have  been  as  familiar  with  its  manufacture  as  some 
of  their  neighbors.  Tacitus  informs  us  that  "  iron  does  not 
abound  in  Crermany,  if  we  may  judge  from  the  weapons  in 
general  use.  Swords  and  large  lances  are  seldom  seen.  The 
soldier  grasps  his  javelin,  or,  as  it  is  calle«l  in  their  language, 
his  fram,  an  instrument  tippal  with  a  short  and  narrow  piece 
of  iron,  sharply  pointe«J,  and  so  commo<lious  that,  as  occasion 
requires,  he  can  manage  it  in  close  engagement  or  in  distant 
combat."  He  further  says  that  the  use  of  iron  was  unknown 
to  the  ^Estyans,  who  inhabited  the  northern  part  of  Germany 
lying  upon  the  Baltic :  **  their  general  weapon  was  the  club." 
The  Gothinians  are  describeii  by  Tacitus  as  a  pe«3ple  who 
"submit  to  the  drudgery  of  digging  iron  in  mines"  for  the 
Quadi,  who  were  their  neighbors.  Ernest,  the  German  editor 
of  Tacitus,  savs  that  the  Gothinians  had  iron  of  their  own, 
and  did  not  make  use  of  it  to  assert  their  libenv.  Tacitus 
wrote  his  Treatise  on  Germany  near  the  close  of  the  first  cent- 
ury of  the  Christian  era.  Polvbius  states  that  the  Teutons 
and  the  Cimbri.  from  Northwestern  Gemianv,  who  invaded 
Italv  and  Gaul  neatr  the  close  of  the  second  centurv  before 
the  Christian  era,  "  were  already  familiar  with  iron,  and  |k>s- 
sessed  weapons  of  that  metal." 

From  this  time  forward  the  condition  of  the  German  iron 
industrj'  is  enveloped  in  obscurity  until  the  eighth  century, 
when  we  hear  of  iron  works,  probably  wolf  furnaces,  or  stuck- 
o/e/i,  in  the  district  of  the  river  Lahn,  in  Nassau,  where  iron 
of  great  celebrity  was  made  by  a  guild  of  "forest  smiths"  in 
780.  We  are  informed  by  Maw  and  Dre<lge,  in  their  very  full 
reiK)rt  on  the  iron  exhibits  at  the  Vienna  Exhibition  of  1873, 
that  **  they  had  their  special  privileges,  kept  an  iron  mart  at 
Wetzlar,  and  sent  their  products  regularly  to  the  great  annual 
fairs  at  Frankfort-on-the-Main.     This  iron  industrv  was  es- 

* 

pecially  flourishing  during  the  thirteenth,  fourteenth,  and  fif- 
teenth centuries."  During  the  eighth  century-  we  hear  also  of 
the  iron  industry'  of  the  principality  of  Siegen.  There  was  a 
steel  forge  at  the  town  of  Siegen  in  1288  which  had  been  in 
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existence  before  the  eleventh  century.  The  iron  industry  of 
this  principaHty  was  very  active  during  the  middle  ages. 

About  the  middle  of  the  thirteenth  century  stuckxj/en  were 
in  use  in  Siegen.  Percy,  in  his  Metallurgy  of  Iron  and  Steel, 
says  that  at  the  beginning  of  the  fifteenth  century  pig  iron 
was  made  in  Siegen  in  blamfen.  Iron  wiis  made  in  Saxony 
as  early  as  the  eighth  century.  Alexander,  in  his  Report  on 
the.  Manufojdure  of  Iran,  made  to  the  Governor  of  Maryland  in 
1840,  informs  us  that  the  flussofen  was  introduced  into  Sax- 
ony in  1550,  and  that  the  wooden  bellows  was  invente<l  about 
this  time  by  Hans  Lobsinger,  an  organist  of  Nuremberg. 

Iron  was  made  in  the  Hartz  mountains  in  the  eighth 
century.  Wolf  furnaces  and  ore  bloomaries  were  in  existence 
in  the  Thuringian  mountains  in  the  tenth  century,  and  blast 
furnaces  in  the  fourteenth  century.  Alexander  states  that  in 
the  latter  half  of  the  sixteenth  century  there  was  a  furnace 
in  these  mountains  which  was  24  feet  high  and  6  feet  wide 
at  the  boshes,  built  by  Hanssien,  a  Voigtlander. 

Solingen,  in  Rhenish  Prussia,  was  celebrated  as  early  as 
the  twelfth  cehtury  for  its  swords  and  other  cutting  instru- 
ments. Swords  of  superior  quality  are  still  made  in  large 
quantities  at  the  same  place.  In  1377  cast-iron  guns  were 
made  near  Erfurt,  in  Thuringia.  In  the  fifteenth  century 
pots,  plates,  cannon-balls,  and  other  articles  of  iron,  many  of 
them  of  great  artistic  excellence,  were  cast  at  the  celebrated 
Ilsenberg  foundry  in  Germany,  which  is  still  in  existence. 
Stoves  are  said  to  have  been  cast  in  Alsace  in  1490.  As  early 
as  1509  they  were  cast  at  Ilsenberg. 

The  celebrated  steel  works  of  Fried.  Krupp,  at  Essen,  in 
Germany,  were  founded  in  1815  by  Friedrich  Nicolai  and 
Friedrich  Krupp,  under  the  firm  name  of  Nicolai  <fe  Krupp, 
for  the  purpose  of  making  cast  steel.  The  partnership  was 
soon  dissolved,  and  the  business  was  afterwards  successfully 
conducted  by  Herr  Krupp,  who  died  on  October  8, 182G,  aged 
about  39  years.  After  his  death  the  works  were  at  first  oper- 
ated by  his  wife,  Therese  Krupp,  and  his  oldest  son,  Alfred 
Krupp,  the  son  subsequently  assuming  entire  control.  Alfred 
Krupp  died  on  July  14, 1887,  at  the  age  of  75  yeiirs.  He  was 
bom  on  April  12,  1812.  The  works  are  now  in  the  hands  of 
his  son,  Friedrich  Alfred  Krupp,  grandson  of  the  founder. 
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Holland  does  not  appear  to  have  ever  had  an  iron  indus- 
try, and  the  same  remark  may  be  made  of  Denmark,  neither 
country  producing  iron  ore.  Iron  and  steel  made  elsewhere 
have,  however,  been  manufactured  in  small  quantities  into 
various  minor  products  in  both  countries.  David  Mushet 
quotes  M.  Verlit  as  authority  for  the  statement  that  cast  iron 
was  knowTi  in  Holland  in  the  thirteenth  century,  and  that 
stoves  were  cast  from  it  at  Elass  in  the  year  1400. 

Switzerland  has  undoubtedly  made  iron  in  small  quanti- 
ties from  remote  ages.  It  now  has  a  few  small  blast  furnaces 
and  rolling  mills,  and  in  the  manufacture  of  cutlery  and  ma- 
chinery it  is  very  active.  The  lake  dwellers  of  Switzerland, 
wlio  lived  before  the  Christian  era,  possessed  wrought-iron 
swords  of  wonderful  workmanship  ;  also  other  iron  weapons 
and  implements.  See  Harper's  Magazine  for  February,  1890, 
for  a  brief  account  of  the  lake  dwellers. 

Recurring  to  the  iron  industry  of  Austria,  Alexander  says 
that  tlie  mines  of  Styria  were  "  opened  again  "  in  712.  It  ap- 
pears probable  that  wolf  furnaces  were  in  use  in  Styria,  Ca- 
rinthia,  and  Carniola  as  early  as  the  eighth  century,  which 
seems  to  be  the  epoch  of  their  introduction  in  most  Euro- 
pean countries.  These  provinces  became  very  prominent  in 
subsequent  centuries  in  the  manufacture  of  iron  and  steel  in 
Catalan  forges.  The  first  blast  furnace  in  the  Alps  provinces 
was,  however,  introduced  very  much  later  than  in  Belgium  or 
on  the  Rhine,  the  first  in  Carinthia  being  built  in  1567,  at 
Urtl ;  the  first  in  Styria  in  1760,  at  Eisenerz ;  and  the  first  in 
Carniola  in  the  early  part  of  the  present  century.  Iron  was 
made  in  Bohemia  and  Silesia  at  an  early  period.  "  The  Bo- 
hemian chronicler,  Hajek,  of  Liboschan,  mentions  that  iron 
works  existed  in  677,  near  Schasslau."  Heaps  of  cinder  and 
remains  of  wolf  furnaces  and  ore  bloomaries  are  numerous 
in  Bohemia.  In  1365  bloomaries  were  in  use  in  Upper  Sile- 
sia. Kerpely  says  that  written  descriptions  are  extant  of  the 
working  of  iron  mines  in  Upper  Hungary  in  1326  and  1408. 
Iron  slag  has  been  discovered  in  Hungary  at  a  depth  of 
about  one  foot  below  the  surface  of  the  ground  and  in  the 
midst  of  beautiful  vineyards.  It  is  probable  that  iron  had 
been  continuously  made  in  Hungary  and  in  various  Austrian 
provinces  in  the  period  intervening  between  the  dates  above 
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mentioned  and  the  early  operations  in  Noricum,  Moravia, 
and  Hungary  which  have  already  been  referred  to. 

The  iron  industry  of  Sweden  had  an  existence  as  early 
at  least  as  the  thirteenth  century.  A  Swedish  historian  says 
that  the  oldest  iron  mine  in  Sweden  is  probably  Norberg,  in 
Westmanland,  on  the  southern  borders  of  Dalecarlia.  There 
are  documents  still  in  existence,  dated  July  29,  1303,  signed 
by  Thorkel  Knutson,  the  royal  marshal,  in  which  Norberg 
is  mentioned  as  an  iron  mine.  Exclusive  privileges  were 
granted  to  the  miners  of  Norberg  by  King  Magnus  Ericsson 
in  1354.  It  is  probable,  however,  that  the  manufacture  of 
iron  in  both  Sweden  and  Norway  antedates  the  time  of  the 
vikings  in  the  eighth  and  ninth  centuries  of  the  Christian 
era,  as  the  remains  of  their  vessels  which  have  been  discov- 
ered have  been  found  to  contain  iron.  It  may  also  be  said 
that,  as  iron  was  made  in  other  European  countries  before 
this  period,  there  is  no  good  reason  to  doubt  that  it  was  also 
made  in  Sweden  and  Norway.  At  Taplow,  on  the  Thames, 
in  England,  not  far  from  Windsor  Castle,  the  tomb  of  a  Norse 
viking  of  undoubted  identity  M-as  opened  in  1883,  and  in  it 
were  found,  among  other  articles,  a  rusted  iron  sword  which 
fell  into  pieces  when  removed,  an  iron  knife,  the  iron  socket 
of  a  spear,  an  iron  ring  strengthening  the  inside  of  a  bronze 
shield,  and  another  iron  ring  strengthening  the  bottom  of  a 
bronze  bucket.  Still  more  recently  there  has  been  discovered 
at  Gloppen,  on  the  coast  of  Norway,  a  burial  chamber  12  feet 
in  length,  formed  of  stone  slabs,  containing  the  remains  of  a 
man,  two  lance-heads  of  iron  12  inches  long,  an  iron  shield, 
some  Roman  gold  coins  perforated  and  worn  as  ornaments, 
some  iron  arrow-heads,  and  many  bronze,  glass,  and  other  ar- 
ticles, all  denoting  a  very  early  origin.  In  the  valley  of  Val- 
ders,  in  South  Norway,  a  sword,  a  spear,  and  an  armlet  have 
recently  been  found,  the  sword  and  spear  being  of  iron  and 
the  armlet  of  bronze.  On  a  farm  in  Tromso  sound,  close 
to  the  North  cape,  the  skeleton  of  a  tall  man  was  recently 
plowed  up,  and  by  its  side  lay  an  iron  sword,  a  short  and  a 
long  iron  spear,  three  iron  arrow-heads,  the  blade  of  a  scythe, 
a  small  iron  rod,  and  other  articles.  In  East  Gothia,  in  Swe- 
den, an  oval-shaped  stone  grave  has  been  discovered,  contain- 
ing a  skeleton,  beside  which  were  a  sword,  two  spear-heads. 
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and  the  remains  of  a  shield  and  a  helmet,  all  of  iron.  All 
these  Swedish  and  Norwegian  relics  are  of  undoubted  pre- 
historic origin. 

In  1889  Paul  B.  Du  Chaillu  published  in  two  volumes  The 
Viking  Age,  in  which  he  incorporates  many  evidences  of  the 
existence  of  an  advanced  iron  industry  among  the  Norsemen 
in  the  earlv  centuries  of  the  Christian  era.  His  circumstan- 
tial  statements  are  very  interesting  and  very  valuable. 

In  1488  the  celebrated  mines  of  Dannemora,  in  Sweden, 
were  opened.     The  celebrated   cannon   factory   at  Finspong 

o 

"  received  its  first  privileges  "  in  1587,  and  the  Akers  cannon 
factory,  now  abolished,  dates  from  1584.  In  1614  Gustavus 
Adolphus  promoted  the  immigration  of  Grerman  furnacemen 
mto  Sweden.  The  Walloon  refining  process,  which  takes  its 
name  from  the  Walloons,  of  Flanders,  was  introduced  into 
Sweden  from  Flanders  in  the  time  of  Charles  the  Twelfth, 
who  reigned  from  1697  to  1718.  Percy  states  that  the  Os- 
mund furnace,  which  was  a  modification  of  the  stiicko/en,  was 
formerly  very  common  in  Sweden.  Overman,  in  his  Manu- 
facture of  Iron,  says  that  this  furnace  was  introduced  into 
Sweden  from  Germany.  We  have  proof  of  its  existence  in 
Finland  as  late  in  the  present  century  as  1873.  A  stilckofen 
was  in  operation  in  the  province  of  Jemtland,  in  Sweden,  as 
late  as  1830.  We  have  a  record  of  the  exportation  of  2,200 
tons  of  malleable  iron  from  Sweden  in  1559. 

The  iron  industry  of  Russia  dates  historically  from  1569, 
in  which  year,  as  recorded  by  Scrivenor,  in  his  History  of 
the  Iron  Trade,  published  in  1841,  the  English  "obtained  the 
I)rivilege  of  seeking  for  and  smelting  iron  ore,  on  condition 
that  they  should  teach  the  Russians  the  art  of  working  this 
metal."  The  first  historical  iron  works  in  Russia,  however, 
were  established  long  afterwards,  according  to  the  same  au- 
thor, in  the  reign  of  the  czar  Alexy  Michaelovitch,  (1645  to 
1676,)  about  sixty  miles  from  Moscow,  and  were  by  Scrivenor 
said  to  be  the  only  works  in  Russia  prior  to  the  reign  of  Pe- 
ter the  Great,  who  is  reported  to  have  worked  in  them  before 
he  set  out,  in  1697,  on  his  first  journey  into  foreign  countries. 

It  is  not  known  when  the  celebrated  Russia  sheet  iron 
was  first  made.  It  is  not  mentioned  in  a  circumstantial 
enumeration  of  the  iron  manufactures  of  Russia  about  1798, 
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.  to  be  found  in  Scrivenor.  It  is  produced  to-day  on  both 
sides  of  the  Ural  mountains,  but  chiefly  on  the  Siberian  side. 

There  is  reason  to  beUeve  that  the  Russians  were  skilled 
ironworkers  and  metallurgists  long  before  the  period  which 
is  mentioned  by  Scrivenor.  Tlie  bells  of  Moscow  (not  made 
of  iron,  however,)  have  been  famous  for  hundreds  of  years. 
Scrivenor  himself  refers  to  "the  old  ruinous  iron  works"  at 
Olonetz,  which  he  says  were  "  restored  "  by  Henning,  a  for- 
eigner in  the  service  of  Peter  the  Great,  about  the  year  1700. 
Herr  Pechar,  of  Teplitz,  in  Bohemia,  wrote  in  1878:  **  Min- 
ing operations  have  been  carried  on  in  the  Caucasus,  Ural, 
Altai,  and  the  Kirghise  desert  in  the  most  remote  ages.  This 
is  proved  by  the  number  of  abandoned  workings  discovered 
by  the  Russians  when  they  took  possession  of  these  districts. 
These  conquerors,  however,  did  not  commence  their  working 
before  the  fifteenth  century,  from  which  time  there  was  again 
a  lapse  of  three  hundred  years  before  order  and  progress  were 
firmly  established  by  new  mining  legislation  issued  by  Peter 
the  Great,  in  1719." 

We  have  before  us  an  account  of  a  Journey  fronn  St  Pe- 
tersburg to  FeMny  undertaken  in  1719  and  completed  in  1722, 
in  which  account  there  is  a  reference  to  the  iron  industry 
of  Siberia  which  points  to  its  origin  as  early  at  least  as  the 
preceding  century.     We  quote  as  follows: 

I  can  not  leave  Solikamsky  without  mentioning  the  rich  iron  mines  in 
the  country  adjacent,  at  Kathenaburg,  and  other  places  of  that  district, 
which  produce  iron  equal  perhaps  in  quality  to  the  best  in  the  world. 
These  works  have  of  late  been  brought  to  great  perfection  by  the  skill  and 
indefatigable  industry  of  Mr.  Demidof,  a  native  of  Russia,  enabled  and  en- 
couraged to  carry  them  on  by  a  beneficial  grant  from  his  majesty,  who  is 
always  ready  to  assist  and  i)rotect  those  who,  by  their  ingenuity,  form  proj- 
ects to  the  advantage  of  his  country.  These  works,  I  am  informed,  are 
still  capable  of  great  improvement.  The  ore  is  very  good,  and  rises  in  many 
places  to  the  very  surface  of  the  earth,  and  may  be  dug  at  a  small  ex{)ense. 
As  for  wood  to  smelt  it,  no  place  in  the  world  can  have  greater  advantage. 
Besides,  all  the  machines  may  \)e  driven  by  water,  and  there  is  an  easy 
communication  by  the  rivers  to  8t.  Peternburg  for  exjwrtation,  and  to  many 
other  parts  of  Russia  for  inland  consumption.  In  these  mines  are  often 
found  magnets  of  various  sizes.  I  have  soon  some  of  them  verj-  large  and 
of  high  virtue.  There  are  several  other  iron  works  in  Russia ;  for  instance, 
at  Tula,  Olonitz,  and  other  places ;  but  the  metal  is  of  an  inferior  quality 
to  that  of  Siberia.  ^ 

The  narrative  from  which  the  above  extract  is  taken  was 
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written  by  Dr.  John  Bell,  a  Scotch  physician,  who  accompa- 
nied Peter  the  Great's  embassy  to  Persia  in  1715,  1716,  1717, 
and  1718,  and  subsequently  accompanied  Peter's  embassy  to 
China  in  1719,  1720,  and  1721.  For  a  biographical  sketch  of 
Dr.  Bell  see  Appleton^s  American  Cydopfedia. 

In  an  English  pamphlet  on  the  British  iron  trade,  printed 
between  1725  and  1731,  and  to  be  found  m  the  Journal  of  the 
Iron  and  Steel  Institute  for  1885,  the  competition  of  Russian 
and  especially  of  Siberian  iron  in  British  markets  is  freely 
commented  upon.  Bar  iron  only  is  referred  to.  It  is  scarce- 
ly possible  that  Siberian  bar  iron  could  have  been  made  of 
such  good  quality  that  it  would  compete  with  other  iron  m 
British  markets  at  the  beginning  of  the  eighteenth  century 
if  its  manufacture  in  that  remote  region  had  been  under- 
taken so  recently  as  the  preceding  century.  It  is,  we  think,  a 
far  more  reasonable  theory  that  the  knowledge  of  the  manu- 
facture of  iron  was  carried  by  the  ironmaking  Parthians  and 
Scythians  into  the  Ural  mountains  before  the  Christian  era, 
and  that  it  was  never  lost  by  their  successors,  although  new 
life  was  infused  into  the  industry  by  Peter  the  Great. 

Tacitus  mentions  the  Finns  (Fenni)  in  his  Treatise  on 
Germany.  He  says  of  them  :  "  The  Finns  are  extremely  wild, 
and  live  in  abject  poverty.  They  have  no  arms,  no  horses,  no 
dwellings ;  they  live  on  herbs,  they  clothe  themselves  in  skins, 
and  they  sleep  on  the  ground.  Their  only  resources  are  their 
arrows,  which  for  the  lack  of  iron  are  tipped  with  bone."  A 
circumstantial  enumeration  of  the  iron  industries  of  Finland 
in  1873  mentions  22  blast  furnaces  and  69  miscellaneous 
\iTOught-iron  works,  including  "  10  bloomaries  or  ancient  fur- 
naces, of  a  construction  somewhat  similar  to  the  Catalan  fur- 
nace, in  which  the  iron  ore  is  reduceii  directly  to  a  mass  of 
wrought  iron,  which  is  taken  out  of  the  bottom  and  front  of 
the  furnace  and  worked  under  hammers."  These  were  os- 
mund  furnaces.  Lake  ores  are  chieflv  used  in  the  Finnish 
iron  industry. 
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CHAPTER  III. 

BEGINNING  OF  THE  BRITISH  IRON  INDUSTRY. 

The  use  of  iron  in  a  very  limited  way  was  known  to  tlie 
Britons  before  the  invasion  of  England  by  Julius  Csesar  in 
the  year  55  before  Christ.  The  Phoenicians,  who  traded  with 
the  Britons  probably  as  early  as  the  seventh  century  before  ' 
Christ,  may  be  supposed  to  have  introduced  among  this  bar- 
barous people  the  use  of  iron,  but  we  have  no  proof  that  they 
instructed  them  in  its  manufacture.  The  Phoenicians  visited 
the  Cassiterides  (the  Scilly  Islands  and  Cornwall)  to  obtain 
tin.  Herodotus  speaks  of  obtaining  tin  from  the  Cassiterides 
in  his  day,  the  fifth  century  before  the  Christian  era.  The 
Greeks  and  Carthaginians  succeeded  the  Phoenicians  in  trad- 
ing with  the  Britons,  but  there  is  no  proof  that  they  taught 
them  the  art  of  making  iron.  They,  as  well  as  the  Phoeni- 
cians, probably  took  iron  into  Britain  in  exchange  for  tin  and 
other  native  products.  Caesar,  in  his  Commentaries,  says  of  the 
Britons  who  opposed  his  occupation  of  the  island  that  "  they 
use  either  brass  or  iron  rings,  determined  at  a  certain  weight, 
as  their  money.  Tin  is  produced  in  the  midland  regions ; 
in  the  maritime,  iron ;  but  the  quantity  of  it  is  small :  they 
employ  brass,  which  is  imported."  This  quotation  appears 
to  establish  the  fact  that  iron  was  a  precious  metal  in  Britain 
at  the  time  of  the  invasion ;  it  would  at  least  seem  to  show 
that  it  was  not  in  common  use  and  could  not  have  been  used 
as  an  article  of  export.  Caesar  nowhere  mentions  the  use  of 
iron  weapons  of  war  by  the  Britons.  The  Belgae  had  passed 
over  into  Britain  before  Caesar's  time  and  made  settlements 
upon  its  coast,  and  whatever  arts  they  possessed  they  would  of 
course  take  with  them.  It  can  not  be  proved  that  the  Belgiu 
made  iron  in  their  owti  country  before  Caesar's  invasion  of 
it ;  if  it  could  be  shown  that  they  did  it  might  safely  be  as- 
sumed that  they  would  introduce  their  methods  of  manufac- 
ture into  Britain.  Caesar  says  that  a  small  quantity  of  iron 
was  made  in  the  maritime  regions  of  the  island,  and  tliis 
the  Belgae  may  have  made. 
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If  the  manufacture  of  iron  by  the  Britons  prior  to  the 
Roman  invasion  is  enveloped  in  obscurity  and  even  in  doubt, 
there  can  be  no  doubt  that  iron  was  made  in  considerable 
quantities  during  the  Roman  occupation  of  Britain,  which 
nominally  (extended  from  about  the  middle  of  the  first  cent- 
ury of  the  Christian  era  to  the  year  411.  The  Romans,  it 
maj"  here  be  remarked,  knowing  the  value  of  iron,  encour- 
aged its  manufacture  wherever  their  arms  were  borne  and 
the  necessary  conditions  existed.  The  remains  of  iron  works 
which  were  in  (existence  and  were  operated  during  their  stay 
in  Britain  are  still  pointed  out.  Dismissing  all  speculation 
concerning  the  origin  of  the  first  iron  works  in  Britain,  the 
remains  of  some  of  these  works  may  well  receive  attention. 
They  relate  to  a  most  interesting  period  in  the  history  of  the 
British  iron  trade. 

Large  heaps  of  iron  scoria,  or  cinder,  as  old  as  the  Roman 
era,  have  been  discovered  in  the  wealds  of  Kent  and  Sussex, 
in  the  hills  of  Somerset,  and  in  the  Forest  of  Dean  in  Glou- 
cester ;  also  at  Bierley,  a  few  miles  from  Bradford  in  York- 
shire, and  in  the  neighborhood  of  Leeds  in  the  same  county. 
On  the  moors  in  the  parishes  of  Lanchester  and  Chester-le- 
Street  in  the  county  of  Durham  vast  heaps  of  iron  scoria  of 
presumed  Roman  origin  have  been  found  ;  also  in  the  val- 
leys of  the  Reed  and  the  Tyne  in  the  county  of  Northum- 
berland. There  is  also  evidence  that  iron  was  made  under 
the  Romans  in  the  counties  of  Surrey,  Glamorgan,  Mon- 
mouth, Hereford,  and  Worcester.  Mr.  Robert  Hunt,  in  his 
history  of  British  Mining,  says :  "  We  may  trace  the  Romans 
from  the  wild  country  of  the  Forest  of  Dean,  and  the  beau- 
tiful Wye  scenery  in  the  south,  through  the  hills  of  Shrop- 
shire and  Montgomeryshire,  Cheshire,  and  the  counties  of 
Flint  and  Denbigh,  and  through  the  ancient  country  of  the 
Cangi,  or  Kiangi,  up  to  the  shores  of  the  Irish  Channel." 
He  also  says  that  iron  was  made  by  the  Romans  in  Derby- 
shire, Yorkshire,  Cumberland,  and  other  counties. 

Many  of  the  places  and  counties  named  above  as  having 
j)roduced  iron  lie  in  the  southeastern  or  southwestern  parts  of 
England,  or  within  the  ancient  boundaries  of  South  Wales, 
"  the  country  of  the  Silures."  Next  to  Cornwall,  w^here  tin 
was  obtained  by  the  Phoenicians  and  their  successors,  these 
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southern  portions  of  the  country  would  be  most  likely  to  be 
visited  and  influenced  by  foreigners  before  the  Roman  inva- 
sion, and  to  receive  the  most  attention  after  it.  Caesar  de- 
scribes the  island  of  Britain  as  being  shaped  like  a  triangle, 
with  one  of  its  sides  looking  toward  Gaul.  "  One  angle  of 
this  side  is  in  Kent,  whither  almost  all  ships  from  Gaul  are 
directed." 

The  cinder  above  mentioned  has  almost  invariably  been 
found  in  connection  with  Roman  coins,  pottery,  and  altars. 
A  coin  of  Antoninus  Pius,  who  lived  in  the  second  century 
after  Christ,  was  found  in  the  Forest  of  Dean  in  1762,  to- 
gether with  a  piece  of  fine  pottery.  Coins  of  other  Roman 
emperors  have  been  found  in  the  cinder  heaps  of  the  For- 
est of  Dean.  In  the  cinder  beds  of  Beauport,  between  Hast- 
ings and  Battle,  in  Sussex,  a  bronze  coin  of  Trajan  has  been 
found,  and  one  of  Adrian.  These  emperors  lived  ifi  the  first 
and  second  centuries  after  Christ.  Coins  found  in  the  cinder 
heaps  of  Maresfield,  not  far  from  Uckfield,  have  dates  rang- 
ing from  Nero  to  Diocletian,  or  from  the  year  54  to  the  year 
286  after  Christ.  In  the  cinder  mounds  of  Sussex  many 
specimens  of  Roman  pottery  have  been  discovered.  Altars 
erected  to  Jupiter  Dolichenus,  the  protector  of  Roman  iron 
works,  have  been  discovered  in  various  places  in  England  in 
association  with  the  remains  of  prehistoric  iron  works. 

In  M.  A.  Lower's  Contrifnitions  to  Literature  will  be  found 
an  interesting  account  of  the  discovery  of  Roman  relics  in 
1844,  by  Rev.  Edward  Turner,  in  the  cinder  beds  of  the  par- 
ish of  Maresfield  in  Sussex.  This  is  followed  by  Lower  with 
other  proofs  of  the  manufacture  of  iron  in  Sussex  by  the 
Romans.  Recent  researches  by  James  Rock,  of  Hastings,  in 
Sussex,  throw  additional  light  on  the  Roman  and  early  Brit- 
ish methods  of  manufacturing  iron.  Cinder  beds,  or  cinder 
heaps,  were  once  very  numerous  in  East  Sussex,  and  many 
of  them  still  exist.  The  neighborhood  of  Hastings  appears 
to  have  been  a  great  centre  of  the  iron  industry  "  from  the 
earliest  times."  The  cinder  heaps  yet  remaining  are  large 
enough  to  be  quarried,  and  contain  thousands  of  tons  of  sco- 
ria, some  of  the  heaps  having  large  oak  trees  growing  upon 
their  summits. 

Much  of  the  cinder  has  been  found  on  the  tops  of  hills 
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or  mounds,  a  circumstance  which  justifies  the  belief  that  bel- 
lows were  not  employed  in  producing  a  blast,  but  that  the 
wind  was  relied  upon  to  produce  a  draft  sufficient  to  smelt 
the  ore  in  crude  bloomaries,  some  of  which  were  mere  exca- 
vations, with  covered  channels  leading  to  the  hillside  in  the 
direction  of  the  prevailing  winds.  This  primitive  method 
of  making  iron  is  that  which  appears  to  have  prevailed  in 
Belgica  at  the  same  time.  Bloomaries  of  similar  form  and 
adaptation  were  in  use  in  Derbyshire  for  smelting  lead  as  late 
as  the  seventeenth  century.  Scrivenor  mentions  that  similar 
furnaces  were  used  by  the  Peruvians  to  smelt  the  silver  ore 
of  their  country  before  the  arrival  of  the  Spaniards.  Other 
bloomaries  in  Britain  are  supposed  by  Fairbaim  and  other 
writers  to  have  been  simple  conical  structures,  w4th  small 
openings  below  for  the  admission  of  air,  and  erected  on  high 
ground  that  the  wind  might  assist  combustion.  A  still  sim- 
pler method  is  supposed  to  have  consisted  in  placing  ore  and 
wood  or  charcoal  in  alternate  layers  in  elevated  positions,  or 
even  in  the  lowlands.  All  these  were  wasteful  methods.  The 
cinder  found  in  England  and  Wales  was  very  rich  in  iron  ;  in 
the  Forest  of  Dean  it  was  so  rich  and  so  abundant  that  in 
the  sixteenth  century  about  twenty  small  blast  furnaces  were 
engaged  in  smelting  it. 

It  was  stated  in  1681  by  Andrew  Yarranton,  in  the  second 
part  of  England's  Improvements  by  Sea  and  Land,  that  "  with- 
in 100  yards  of  the  walls  of  the  city  of  Worcester  there  was 
dug  up  one  of  the  hearths  of  the  Roman  foot-blasts,  it  being 
then  firm  and  in  order,  and  was  7  foot  deep  in  the  earth.*' 
The  foot-blast  here  referred  to  must  have  been  a  leather  bel- 
low^s,  with  which  the  Komans  and  their  Mediterranean  neigh- 
bors were  certainly  acquainted.  There  is  nothing  improbable 
in  the  conclusion  that  .the  Romans  while  in  Britiiin  used  both 
the  wind-bloomaries  and  the  foot-blasts. 

The  emperor  Adrian  landed  in  Britain  in  the  year  120, 
and  in  the  following  year  there  was  established  at  Bath,  in 
Wiltshire,  a  Roman  military  forge,  or  fabrica,  for  the  manu- 
facture of  iron  arms.  This  forge  was  close  to  the  bloomaries 
in  Somerset  and  the  Forest  of  Dean,  from  which  it  was  sup- 
plied with  iron.  That  the  manufacture  of  iron  in  Bribiin  at 
this  time  and  for  some  time  subsequently  was  almost  wholly 
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confined  to  the  southern  parts  of  England  seems  probable 
from  a  passage  in  Herodian,  quoted  by  Smiles  in  his  Indiis- 
trial  Biography^  who  says  of  the  British  pursued  by  the  em- 
peror Severus,  in  the  year  208,  through  the  fens  and  marshes 
of  the  east  coast,  that  "they  wore  iron  hoops  round  their 
middles  and  their  necks,  esteeming  them  as  ornaments  and 
tokens  of  riches,  in  like  manner  as  other  barbarous  people 
then  esteemed  ornaments  of  silver  and  gold." 

Percy  quotes  from  the  London  Times  an  account  of  the 
opening  of  some  prehistoric  remains  in  the  Cheviot  hills,  in 
the  north  of  England,  in  1861  and  1862,  which  revealed  va- 
rious evidences  of  the  rude  civilization  of  the  early  Celtic, 
or  British,  inhabitants,  including  pieces  of  iron  slag.  These 
remains  are  assigned  by  the  Tivies  to  the  Roman  period  of 
British  history,  but  they  may  belong  to  a  later  period. 

Strabo  mentions  the  exportation  of  iron  from  Britain 
in  his  day,  the  beginning  of  the  Christian  era.  This  was 
before  the  Romans  had  subdued  the  Britons,  but  after  the 
influence  of  Roman  civilization  had  been  felt  in  the  island. 
During  the  Roman  occupation  of  Britain  iron  was  one  of  the 
products  of  the  country  which  were  regularly  exported. 

The  Anglo-Saxons,  who  succeeded  the  Romans  in  Britain 
in  the  early  part  of  the  fifth  century,  used  tools  and  weapons 
of  iron,  and  it  is  a  reasonable  supposition  that  they  pro- 
duced all  the  iron  that  was  required  for  their  manufacture ; 
but  their  enterprise  as  iron  manufacturers  probably  extended 
no  further,  although  Bede,  who  is  the  earliest  English  his- 
torian, speaks  of  the  importance  of  the  iron  industry  in  his 
day,  the  beginning  of  the  eighth  century.  The  Anglo-Saxon 
monks  frequently  engageii  in  the  manufacture  of  iron.  St. 
Dunstan,  who  lived  in  the  tenth  century,  is  said  to  have  had 
a  forge  in  his  bedroom,  and  to  have  been  a  skilled  black- 
smith and  metallurgist.  One  of.  the  last  of  the  Anglo-Saxon 
kings  was  Edmund  Ironside. 

During  the  ascendency  of  the  Danes,  and  afterwards  down 
to  the  accession  of  William  the  Conqueror  in  1066,  iron  was 
made  in  the  Forest  of  Dean  and  elsewhere,  but  in  limited 
quantities.  In  Doomsday-Book  mention  is  made  of  iron  works 
in  the  counties  of  Somerset,  Hereford,  Gloucester,  Cheshire, 
and  Lincoln,  but  no  mention  is  made  of  iron  works  in  Kent, 
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Surrey,  or  Sufssex.  In  the  eleventh  ceninry  the  Anglo-Saxon 
plow  consiffterl  of  a  wooden  wedge  covered  with  iron  straps, 
to  which  the  Nornians  added  the  coulter.  Tlie  shipbuildenf 
of  Rlward  the  Confessor,  the  last  of  the  Anglo-Saxon  kings 
prior  to  Harold  who  lost  the  i^attle  of  Hastings,  obtained 
supplies  of  bolts  and  l^ars  of  iron  from  the  city  of  Glouces- 
ter. The  antiquarian  Camden  says  that  *'  in  and  liefore  the 
reign  of  William  the  Conqueror  the  chief  trade  of  the  city 
of  Gloucester  was  the  forging  of  iron  ;  and  it  is  mentioned 
in  iMx/rn^lay-Book  that  there  was  scarcely  any  other  tribute 
re<|uired  from  that  city  by  the  king  than  certain  dirar>(  of 
iron  and  iron  bars  for  the  use  of  the  royal  naNy.  The  quan- 
tity required  was  thirty-six  dicars  of  iron,  a  dicar  containing 
ten  bars  and  one  hundred  iron  ro<ls  for  nails  or  lx)lts."  Gi- 
raldis  Cambrensis,  who  lived  in  the  twelfth  century.  s}»eaks 
of  "the  noble  Forest  of  Dean,  bv  which  Gloucester  was  am- 
ply  supplie^l  with  iron  and  venison."  Nicholls,  in  The  ForeM 
of  Dean,  says  that  in  the  time  of  Edward  the  First,  in  the 
latter  part  of  the  thirteenth  century,  the  Free  Miners  of  tlie 
Forest  "  applied  for  and  obtained  their  *  customt*s  and  fran- 
chises/ which  were  granted,  as  the  record  of  them  declares, 
*time  out  of  minde/"  In  1282,  according  to  NicholLs,  there 
were  "  upwards  of  seventy-two ''  ffjnje/jp  erranfesj  or  movable 
forgfjs,  in  the  Poorest,  each  of  which  paid  a  license  of  seven 
shillings  a  year  to  the  crown. 

Scrivenor  says  that  during  tlie  period  from  the  Conquest 
to  the  death  of  John,  in  121G,  iron  an<l  steel  were  imported 
into  Britain  from  Gennanv  and  other  countries,  the  domestic 
supply  being  insufficient.  The  Normans,  however,  contribu- 
UhI  much  to  the  development  of  English  iron  and  other  re- 
source's. Green,  in  his  Hifdory  of  the  Enylinh  People,  says  that 
one  immexliate  result  of  the  Conquest  was  a  great  immigra- 
tion into  England  from  the  Continent.  *'A  peaceful  invasion 
of  the  industrial  and  trading  classes  of  Normandy  followed 
quick  on  the  conquest  of  the  Norman  soldiery."  In  1266  and 
8ubs(Hiuently  we  hear  of  iron  works  in  Sussex  which  were 
not  mentione<l  in  Dootnsday-Booh  In  the  year  1300  the  iron- 
mongers of  London  complained  to  the  Lord  Mayor  that  the 
smiths  of  the  weald  of  Sussex  brought  iron  for  wheids  that 
was  not  what  it  ought  to  have  been,  '*  to  the  loss  of  the  whole 
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trade."  In  1321  three  thousand  horseshoes  and  twenty-nine 
thousand  nails  were  provided  by  Peter  de  Waltham,  sheriff 
of  Surrey  and  Sussex,  for  the  expedition  against  Bruce  in 
which  Edward  the  Second  attempted  to  retrieve  the  defeat 
at  Bannockburn. 

Still  the  English  iron  industry  made  very  slow  progress. 
Professor  James  E.  Thorold  Rogers,  in  his  Work  and  Waye^, 
informs  us  that  during  the  reign  of  Edward  the  First  (1274 
to  1307)  the  most  valuable  articles  in  use  by  the  English 
peasants  were  copper  and  brass  pots  and  a  few  common  iron 
utensils,  all  metals  being  exceedingly  dear,  and  iron,  relatively 
speaking,  being  the  dearest  of  all.  The  iron  utensils  of  this 
period  were  all  made  of  hammered  iron.  It  is  mentioned  by 
Scrivenor  that  there  were  but  few  iron  mines  in  the  north  of 
England  in  the  thirteenth  and  fourteenth  centuries,  and  that, 
in  the  tenth  year  of  the  reign  of  Edward  the  Second,  in  1317, 
iron  was  so  scarce  in  that  section  and  in  Scotland  that  the 
Scots,  "  in  a  predatory  expedition  which  they  made  in  that 
year,  met  with  no  iron  worth  their  notice  until  they  came  to 
Fumess,  in  Lancashire,  where  they  seized  all  the  manufac- 
tured iron  they  could  find,  and  carried  it  off  with  the  greatest 
joy,  though  so  heavy  of  carriage,  and  preferred  it  to  all  other 
plunder."  The  Scots  at  this  time  were  in  great  need  of  iron, 
which  they  did  not  produce  in  large  quantities  in  their  small 
forges,  and  for  which  they  were  largely  dependent  on  the  Con- 
tinent and  on  the  favor  or  ill-fortune  of  England.  Alexander 
says  that  there  were  iron  works  at  Kimberworth,  in  York- 
shir*,  in  1160,  and  Smiles  gives  an  extract  from  a  contract 
for  supplying  wood  and  ore  for  iron  "  blomes "  at  Kirskill, 
near  Otley,  in  Yorkshire,  in  1352.  A  recent  writer,  Mr.4l.  A. 
Fletcher,  says  that  "the  earliest  record^ which  has  been  found 
of  iron-ore  mining  in  Cumberland  seems  to  be  the  grant  of 
the  forge  at  Winefel  to  the  monks  of  Holm  Cultram  Abbey, 
in  the  twelfth  century,  which  also  included  a  mine  at  Egre- 
mont,  by  inference  of  iron,  being  hi  connection  with  a  forge ; 
and  Thomas  de  Multon  confirms  a  gift  to  the  same  abbey  de 
quartuor  dvodenis  viince  ferri  in  Coupland,^^  The  Ulverston  dis- 
trict in  Lancashire  appears  to  have  been  a  seat  of  the  English 
iron  industry  as  early  as  the  twelfth  century. 

Scrivenor  mentions  one  art  related  to  the  manufacture  of 
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iron  which  flourished  in  England  from  William  to  John  if 
the  manufacture  itself  did  not.  The  art  of  making  defensive 
armor  was  brought  to  such  perfection  during  the  period  men- 
tioned that  "  a  knight  completely  armed  was  almost  invulner- 
able." The  history  of  the  crusades  shows  that  the  English 
were  then  very  proficient  in  the  manufacture  of  both  arms 
and  armor,  as  were  the  Turks  and  other  Asiatic  tribes  who 
resisted  them.  Smiles  says  that  it  was  the  knowledge  of  the 
art  of  forging  iron  which  laid  the  foundation  of  the  Turk- 
ish empire.  By  means  of  this  art  the  Turks  made  the  arms 
which  first  secured  their  own  freedom  and  then  enabled  them 
to  extend  their  power.  The  quality  of  the  swords  used  by 
the  English  and  by  their  Infidel  opponents  is  illustrated  by 
an  incident  related  by  Sir  Walter  Scott  in  the  Tales  of  the 
Cruftaders,  He  describes  a  meeting  between  Richard  Coeur 
de  Lion  and  Saladin,  at  which  Saladin  asks  Richard  to  show 
him  the  strength  for  which  he  is  famous,  and  the  Norman 
monarch  responds  by  severing  a  bar  of  iron  which  lies  on 
the  floor  of  his  tent.  Saladin  says,  "  I  can  not  do  that,"  but 
he  takes  a  down  pillow  from  the  sofa,  and  drawing  his  keen 
blade  across  it  it  falls  in  two  pieces.  Richard  says,  "  This  is 
the  black  art ;  it  is  magic ;  it  is  the  devil ;  you  can  not  cut 
that  which  has  no  resistance."  Saladin,  to  show  him  that 
such  is  not  the  case,  takes  from  his  shoulders  a  scarf  which 
is  so  light  that  it  almost  floats  in  the  air,  and  tossing  it  up 
severs  it  before  it  can  descend.  Much  of  the  iron  which  the 
English  used  at  this  time  in  the  manufacture  of  arms  and 
armor  came  from  Spain.  • 

Edward  the  Third,  who  reigned  from  1327  to  1377,  did 
muc#  to  advance  the  manufacturing  industries  of  England. 
He  protected  domestic^  manufactures  by  legislation  which  re- 
stricted the  iniportixtion  of  foreign  goods,  and  he  encouraged 
the  immigration  into  England  of  skilled  workmen  from  the 
Continent.  The  use  of  iron  was  greatly  extended  in  his  reign, 
and  its  manufacture  was  active  in  Kent  and  Sussex  and  in 
the  Forest  of  Dean.  Nevertheless  the  domestic  supply  did 
not  meet  the  wants  of  the  people.  Scrivenor  says :  "  By  an 
act  passed  in  the  twenty-eighth  year  of  Edward  the  Third  no 
iron  manufactured  in  England,  and  also  no  iron  imported  and 
sold,  could  be  carried  out  of  the  country,  under  the  penalty 
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of  forfeiting  double  the  quantity  to  the  king ;  and  the  mag- 
istrates were  empowered  to  regulate  the  selling  price  and  to 
punish  those  who  sold  at  too  dear  a  rate,  according  to  the 
extent  of  the  transaction."  This  act  appears  to  have  remain- 
ed in  force  long  after  Edward's  death.  Smiles  quotes  from 
Parker's  EmjUsh  Home  the  statement  that  in  the  reign  of  this 
king  the  po{s,  spits,  and  frying-pan  of  the  royal  kitchen  were 
classed  among  the  king's  jewels. 

The  methods  of  manufacturing  iron  which  were  followed 
in  England  in  the  thirteenth  and  fourteenth  centuries  were 
all  of  a  slow  and  restricted  character,  ahhough  very  greatly 
advanced  beyond  those  which  existed  in  the  days  of  the  Ro- 
mans. Cast  iron  in  all  forms  appears  to  have  been  still  un- 
known ;  all  iron  was  forged.  The  English  were  yet  mainly 
devoteil  to  agriculture,  but  were  not  even  good  fanners,  their 
implements  of  husbandry  and  their  methods  of  cultivating 
the  soil  being  equally  rude.  Wool  was  their  great  staple, 
and  this  was  largely  exported  to  the  Continent,  where  it  was 
manufactured  into  finer  fabrics  than  the  English  were  capable 
of  producing.  Iron  was  often  scixrce  and  dear,  because  the 
domestic  supply  was  insufficient.  The  iron  industry  on  the 
Continent  was  at  this  period  in  a  much  more  advanced  stage 
of  development  than  in  England,  and  most  of  the  Continents 
al  iron  was  also  of  a  better  quality  than  the  English  iron. 

Professor  Rogers,  in  his  History  of  Affricidture  and  Prices 
hi  England  and  in  his  Work  and  IVoge^s^  gives  many  interest- 
ing detiiils  concerning  the  iron  industry  of  England  in  the 
thirteenth  and  fourteenth  centuries.  Iron  was  made  at  this 
time  at  Tendale  in  Cumberland,  and  at  or  near  the  city  of 
Gloucester ;  also  in  Kent  and  Sussex.  It  was  doubtless  made 
in  many  other  places.  Steel  is  frequently  mentioned,  the  first 
reference  to  it  being  in  1207.  It  is  not  quite  clear  that  all 
the  steel  used  in  England  during  the  period  un<ler  consider- 
ation was  imported,  but  most  of  it  certainly  was.  Much  of 
the  iron  used  was  imported,  frequent  mention  being  made 
of  Spanish  and  also  of  osemond  iron.  Osemond  steel  is  also 
frequently  inentione<l.  In  1281  Norman  iron,  of  a  superior 
quality,  was  bought  for  the  Newgate  jail.  Spain  appears  to 
have  been  the  principal  source  of  th(^  supply  of  importtn^l 
iron.     It  is  probable  that  the  osemond  iron  and  steel  were 
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chiefly  obtained  in  Sweden,  Norway,  and  Germany,  the  os- 
mund  furnace  having  been  in  use  in  these  countries  about 
this  time.  Iron  and  steel  were  generally  bought  at  fairs  and 
markets.  The  Spaniard  attended  the  Stourbridge  fair  witli 
his  stock  of  iron,  and  iron  from  the  Sussex  forges  was  sold 
at  the  same  place.  The  prices  of  iron  and  steel  were  usually 
lower  near  the  sea  and  at  the  great  towns  in  the  south  of 
England  than  elsewhere.  Among  the  farmers  it  was  custom- 
ary for  the  bailiif  to  buy  the  iron  that  might  be  needed  on 
the  farm,  and  to  employ  a  smith  to  make  the  horseshoes  and 
nails  and  to  iron  the  implements.  Rogers  says  that  "  no  di- 
rect information  about  the  seasons,,  scanty  as  it  is,  is  so  fre- 
quent as  that  found  in  the  notices  which  the  bailiff  gives  of 
the  great  cost  of  iron."  Iron  for  the  tires  of  wagons  and 
Ciirts  was  so  dear  that  many  wheels  were  not  ironed.  Steel 
appears  to  have  been  but  little  used  by  the  farmers. 

Iron  was  sold  in  various  forms.  The  iron  made  at  the 
works  at  Tendale  was  sold  in  the  form  of  blooms  in  1333 
and  subsequently.  Blooms  were  sold  as  early  as  1318,  but 
the  place  of  their  manufacture  is  not  given.  Slabs  and  bars 
of  iron  are  also  mentioned,  but  the  commonest  form  in  which 
iron  was  sold  was  the  "piece,"  twenty-live  pieces  making  a 
hundred-weight.  "  The  small  fagot  of  iron,  each  bar  of  which 
weighed  a  little  over  four  pounds,  was  kept  by  the  bailiff,  and 
served  as  occasion  required  for  the  various  uses  of  the  farm." 
The  Tendale  bloom  weighed  about  one  hundred  pounds,  and 
having  to  be  reworked  was  sold  at  a  much  lower  price  than 
other  forms  of  iron.  Steel  was  usually  sold  by  the  garb,  or 
sheaf,  each  sheaf  containing  thirty  small  pieces,  the  weight  of 
which  is  not  stilted.  Rogers  supposes  that  the  pieces  of  iron 
and  steel  were  of  about  the  same  weight,  and  that  the  price 
of  steel  was  about  four  times  the  price  of  iron.  Occasional 
mention  is  made  of  steel  which  was  sold  by  the  cake ;  it  was 
"a  little  higher  in  value  and  nmch  gre^iter  in  weight  than 
the  garb."  Steel  made  in  the  forges  of  Styria  and  other  Aus- 
trian provinces  is  still  produced  in  the  form  of  a  large  cake. 

Plow-shoes,  which  appear  to  have  been  iron  points  to  wood- 
en shares,  are  of  frequent  occurrence  in  the  accounts  quoted 
by  Rogers,  and  so  are  lath  and  board  nails,  clouts  and  clout 
nails,  and  horseshoes  and  horseshoe  nails.     Horseshoes  were 
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not  purchased  from  the  smiths  until  about  the  close  of  the 
fourteenth  century;  down  to  that  time  the  smiths  were  sup- 
plieil  by  the  bailiffs  with  the  iron  for  their  manufacture. 
"Hinges,  staples,  and  bolts  were  occasionally  manufactured 
by  the  village  smith  from  iron  supplied  him  by  the  bailiff, 
but  were  more  frequently  bought  at  the  market-town  or  fair." 
Iron  mattocks  and  hoes  were  used  in  the  fourteenth  century, 
as  were  iron  sickles,  scythes,  and  hay  and  other  forks.  Iron 
teeth  for  harrows  were  unknown,  and  it  may  be  added  that 
they  were  not  much  used  in  England  until  the  seventeenth 
century.  Domestic  utensils  of  iron  were  not  in  general  use ; 
pots  and  similar  articles  used  in  the  kitchen  were  usually  of 
brass.  A  brass  jug  and  pan  are  mentioned  in  1272,  a  brass 
jug  and  basin  in  1360,  and  two  brass  pots  in  1383.  Such  iron 
utensils  as  were  in  use  appear  to  have  been  made  of  wrought 
iron.  Tinware  was  certainly  unknown.  Hammers,  axes,  pick- 
axes, and  other  tools  were  made  of  iron.  Iron  hoops  were 
used  for  buckets  and  grain  measures  in  tlie  fourteenth  cent- 
ury ;  "  the  iron-bound  bucket  that  hung  in  the  well "  had  an 
existence  %a  early  at  least  as  1331. 

Other  authorities  mention  that  arrow-heads  were  manufac- 
tured at  Sheffield  in  the  thirteenth  century,  and  that  knives 
were  manufactured  at  the  siime  place  in  the  fourteenth  cent- 
ury, as  they  are  to-day.  Chaucer,  who  wrote  his  Canterbury 
Tales  near  the  close  of  the  latter  century,  in  describing  the 
miller  of  Trompington  says  that  **  a  Schefeld  thwytel  b*r  he 
in  his  hose."  Birmingham  was  then,  as  it  is  now,  a  centre 
of  the  manufacture  of  swords,  tools,  and  nails. 

Smiles  pays  a  deserved  compliment  to  the  English  smith, 
to  whom  England  owes  so  much  of  its  greatness.  In  Anglo- 
Saxon  times  his  person  was  protected  by  a  double  penalty, 
and  he  was  treated  as  an  officer  of  the  highest  rank.  The 
forging  of  swords  was  then  his  great  specialty.  William  the 
Conqueror  did  much  to  exalt  the  art  of  the  smith,  to  w'hom 
he  was  greatly  indebted  for  his  victory  at  Hastings,  his 
soldiers  being  better  armed  than  those  of  the  Saxon  Harold. 
At  the  close  of  the  fourteenth  century  the  smith  had  fairly 
entered  upon  the  brilliant  career  which  has  since  contributed 
so  much  to  the  industrial  pre-eminence  of  England.  Mr. 
Picton,  in  a  recent  address,  says :  "  Iron  work  at  this  period 
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was  of  the  most  elaborate  description.  The  locks  and  keys, 
the  hinges  and  bolts,  the  smith's  work  in  gates  and  screens, 
exceed  in  beauty  amthing  of  the  kind  which  has  since  been 
produced."  In  a  lecture  before  the  Society  of  Arts  in  1883 
Mr.  George  H.  Birch  gives  a  pleasing  description  of  the  use^ 
ful  and  ornamental  treatment  of  iron  by  English  and  Conti- 
nental smiths  from  the  twelfth  to  the  seventeenth  centur^^ 
dwelling  especially  upon  the  elaborate  and  beautiful  hinges, 
railings,  screens,  and  locks  that  are  still  preserved  in  ecclesi- 
astical and  other  structures  of  mediaeval  and  later  origin. 

In  the  fourteenth  centurj-  cannon  were  used  in  England 
and  on  the  Continent,  although  Appleton's  Cyt'fopcprfia  gives 
us  dates  of  their  earlier  use.  The  vear-book  of  the  town  of 
Ghent,  in  Holland,  dateil  1313,  Siivs :  "  In  this  vear  was  intro- 
duced  the  use  of  guns  in  Genuany  by  a  monk."  This  monk's 
name  was  Berthold  Schwartz.  A  statue  to  his  memorv  was 
erected  at  Freiburg  in  LS53.  France,  according  to  Scrivenor, 
appears  to  have  used  cannon  as  early  as  1338,  in  which  year 
it  is  stated  that  the  government  had  an  account  with  Henry 
de  Faumichan  '*  for  gunj^wder  and  other  things  necessary 
for  the  cannon  at  the  siege  of  Puii  Guillaume."  Scrivenor 
savs  that  "  in  the  vear  1327  we  hear  of  ainnon,  which  are  then 
supposed  to  have  been  first  used  in  England  by  Edward  the 
Third  in  his  invasion  of  Scotland."  An  English  T\Titer,  Mr. 
C.  I).  Archibald,  is  Siiid  by  Lower  to  have  presented  strong 
reasons  for  the  belief  that  cannon  were  useil  bv  Edward  in 
his  expedition  against  the  Scots  in  the  year  mentioned.  Eng- 
land made  prominent  use  of  cannon  in  field  warfare  at  the 
battle  of  Cressy  and  the  siege  of  Calais  in  the  year  1340, 
when  the  bowmen  of  Edward  the  Thin!  were  drawn  up  "m 
the  form  of  a  harrow,"  with  small  bombards  between  them, 
"  which,  with  fire,  threw  little  iron  balls  to  frighten  the 
horses."  These  bombards  were  made  of  ''iron  bars  joined 
together  longitudinally,  and  strengtheneil  by  exterior  hoops  of 
iron."  But  the  archers  of  the  English  army  continued  to  be 
the  main  reliance  of  the  English  kings  for  many  years  after 
Edward^s  first  use  of  the  bombards,  and  on  the  Continent 
gunpowder  did  not  come  into  general  use  until  the  sixteenth 
century.  At  the  battle  of  Pavia,  in  1525,  the  matchlock  was 
first  used  effectively,  and  it  was  then  fireil  from  a  rest. 
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CHAPTER   IV. 

THE  BRITISH  IRON  INDUSTRY  FROM  THE  FIFTEENTH 

TO  THE  NINETEENTH  CENTURY. 

During  the  fifteenth  and  sixteenth  centuries  the  manufac- 
ture of  iron  in  England  was  greatly  extended.  The  encour- 
agement which  Edward  the  Third  and  his  immediate  succes- 
sors had  given  to  the  immigration  of  foreign  workmen  into 
England  had  resulted  in  the  settlement  in  the  country  of 
many  Flemish  and  French  ironworkers,  whose  skill  was  ea- 
gerly sought  by  many  landed  proprietors  who  entered  with 
zeal  into  the  manufacture  of  iron.  Sussex  became  the  prin- 
cipal seat  of  this  industry ;  it  possessed  iron  ores  and  forests 
of  timber,  the  latter  supplying  the  necessary  charcoal  for  fuel, 
and  small  streams  furnished  the  requisite  power  to  drive  the 
"  iron  mills."  As  one  marked  result  of  the  extension  of  the 
iron  manufacture  in  England  at  this  time  the  dejjendence  of 
the  country  upon  foreign  sources  of  supply  was  greatly  les- 
sened, so  much  so  that  in  1483  an  act  was  passed  prohibiting 
the  importation  of  gridirons,  grates,  iron  w  ire,  knives,  hinges, 
scissors,  and  many  other  manufactured  articles  of  iron  or 
steel  which  competed  with  like  articles  of  domestic  produc- 
tion. Landrin,  however,  states  that  fine  tools  were  still  im- 
ported into  England  from  Bilbao,  in  Spain,  as  late  as  1548. 

As  early  as  the  beginning  of  *the  fifteenth  century  blast 
furnaces  .were  introduced  into  England  from  the  Continent, 
and  this  event  gave  a  fresh  impetus  to  the  iron  industry  of 
Sussex,  Kent,  Surrey,  and  other  sections.  Prior  to  the  intro- 
duction of  blast  furnaces  all  iron  that  was  made  in  England 
was  produced  in  Catalan  forges  or  high  bloomaries  directly 
from  the  ore,  and  was,  therefore,  when  finished,  \\Tought,  or 
bar,  iron.  The  bloomaries  were  doubtless  modeled  after  the 
Continental  stuckofen ;  indeed  the  English  high  bloomary  was 
probably  the  exact  counterpart  of  the  stucko/en.  The  first 
blast  furnaces  introduced  into  England  were  also  probably  the 
same  in  all  respects  as  the  Jiussofen,  or  blauoferiy  or  the  ItaiU 
foumeau,  of  the  Continent. 
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The  exact  date  of  the  erection  of  the  first  blast  furnace 
in  England  is  unknown.  Lower,  in  his  account  of  the  iron 
industry  of  Sussex,  mentions  an  iron  casting  which  was  made 
in  the  fourteenth  century.  Mushet  supposes  that  iron  was 
cast  in  the  Forest  of  Dean  in  1540,  and  he  says  that  the  oldest 
piece  of  cast  iron  he  ever  saw  bore  the  initials  "  E.  R."  and 
the  date  "  1555."  Lower  quotes  some  cast-iron  mscriptions 
in  Sussex  which  are  dated  1581,  1582,  and  1591.  But  even 
the  earliest  of  these  years  is  clearly  not  sufficiently  early  to 
be  accepted  as  marking  the  period  when  blast  furnaces  were 
introduced  into  England.  Camden,  who  lived  between  1551 
and  1623,  says  of  Sussex :  "  Full  of  iron  mines  it  is  in  sundry 
places,  where,  for  the  making  and  founding  thereof,  there  be 
furnaces  on  every  side,  and  a  huge  deal  of  wood  is  yearly 
burnt."  He  also  says  that  the  heavy  forge-hammers,  which 
were  mostly  worked  by  water-power,  stored  in  hammer-ponds, 
beating  upon  the  iron,  "fill  the  neighborhood  round  about, 
day  and  night,  with  continual  noise."  In  1607  John  Norden 
stated  in  a  printed  document  that  "  there  are  or  lately  were  in 
Sussex  iieQre  140  hammers  and  furnaces  for  iron."  In  1612 
Simon  Sturtevant  said  that  there  were  then  in  England,  Scot- 
land, Ireland,  and  Wales  **  800  furnaces,  forges,  or  iron  mills" 
making  iron  with  charcoal,  of  which  Dud  Dudley,  a  few  years 
later,  estimated  that  about  300  were  furnaces,  the  weekly  prod- 
uct of  which  was  about  15  tons  each.  The  furnaces  would  be 
partly  employed  in  making  pots,  kettles,  mill  machinery,  and 
other  castings  direct  from  the  ore.  In  the  sixteenth  century, 
as  has  already  been  stilted,  several  furnaces  were  built  in  the 
Forest  of  Dean  to  rework  the  cinder  which  w^as  found  there  in 
large  quantities.  The  first  furnaces  built  in  the  Forest  were 
15  feet  high  and  6  feet  wide  at  the  boshes.  The  furnaces  at 
work  in  the  Forest  in  1677  were  blown  with  bellows  20  feet 
long,  driven  by  **  a  great  wheel,"  turned  by  water. 

Lower  says  that  about  1557  "  several  Sussex  families,  en- 
riched by  the  iron  manufacture,  assumed  the  rank  of  gentry." 
Smiles  says  that  "  the  iron  manufacture  of  Sussex  reached  its 
height  toward  the  close  of  the  reign  of  Elizabeth,  when  the 
trade  became  so  prosperous  that,  instead  of  importing  iron, 
England  began  to  export  it  in  considerable  quantities  in  the 
shape  of  iron  ordnance."     This  ordnance  was  cast,  and  the 
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time  referred  to  was  the  latter  part  of  the  sixteenth  century. 
Bronze  cannon  had  succeeded  the  bombards  about  the  begin- 
ning of  that  century,  and  as  early  as  1543  cast-iron  cannon 
were  made  in  Sussex,  at  a  place  called  Bucksteed,  by  Ralpli 
Hogge,  who  employed  a  Frenchman  named  Peter  Baude  as 
his  assistant.  "  Many  great  guns  "  were  subsequently  cast  in 
Sussex,  John  Johnson  and  his  son,  Thomas  Johnson,  the 
former  a  servant  of  Peter  Baude,  being  prominent  in  their 
manufacture.  John  Johnson  is  said  to  have  "  succeeded  and 
exceeded  his  master  in  thi§  his  art  of  casting  ordnance,  mak- 
ing them  cleaner  and  to  better  perfection,"  About  1595  the 
weight  of  some  of  the  cannon  cast  in  Sussex  amounted  to 
three  tons  each.  At  a  later  period,  in  1648,  Bishop  Wilkins 
says  in  his  Mathematicall  Magick  that  '^  a  whole  cannon  weigli- 
ed  commonly  8,000  pounds,  a  half  cannon  5,000,  a  culverin 
4,500,  a  demi-culverin  3,000.  A  whole  cannon  required  for 
every  charge  40  pounds  of  powder  and  a  bullet  of  64  pounds.*' 

But  a  still  greater  honor  is  claimed  for  Peter  Baude  than 
that  with  which  his  name  is  above  associated.  Stow,  in  his 
Chronicle,  quoted  by  Froude  and  Smiles,  says  that  two  foreign 
workmen,  whom  Henry  the  Eighth  tempted  into  his  service, 
first  invented  shells.  "One  Peter  Baude,  a  Frenchman-born, 
and  another  alien  called  Peter  Van  Gullen,  a  gunsmith,  both 
the  king's  feed  men,  conferring  together,  devised  and  caused 
to  be  made  certain  mortar  pieces,  being  at  the  mouth  from 
11  inches  unto  19  inches  wide,  for  the  use  whereof  they  caus- 
ed to  be  made  certain  hollow  shot  of  cast  iron,  to  be  stuffed 
with  fire-work  or  wild-fire,  whereof  the  bigger  sort  for  the 
same  had  screws  of  iron  to  receive  a  match  to  carry  fire 
kindled,  that  the  fire-work  might  be  set  on  fire  for  to  break 
in  pieces  the  same  hollow  shot,  whereof  the  smallest  piece 
hitting  any  man  would  kill  or  spoil  him."  Lower  gives  the 
name  of  the  "  alien  "  above  referred  to  as  "  Peter  Van  Collet, 
a  Flemish  gunsmith." 

There  is  deposited  in  the  library  of  the  Historical  Society 
of  Pennsylvania,  at  Philadelphia,  a  stone  cannon-ball,  one  of 
twentv-three  which  are  said  to  have  been  fired  at  the  boat  in 
which  Queen  Mary  and  Douglass  made  their  escape  from 
Loch  Leven  in  1568.  It  is  about  nine  inches  in  diameter,  is 
round,  but  not  smooth,  and  weighs  probably  fifteen  pounds. 
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The  exportation  of  cast-iron  cannon  became  so  extensive 
that  complaint  was  made  that  Spain  armed  her  ships  with 
them  to  fight  the  ships  of  England,  and  the  trade  was  for  a 
time  prohibited.  But  their  manufacture  continued  on  a  large 
scale.  Hume  says  that  "shipbuilding  and  the  founding  of 
iron  cannon  were  the  sole  manufactures  in  which  the  English 
excelled  in  James  the  First^s  reign,"  from  1603  to  1625.  In 
1629  the  crown  ordered  600  cannon  to  be  cast  for  the  States 
of  Holland.  England,  however,  continued  to  import  from 
the  Continent,  but  particularly  from  Sweden,  Germany,  and 
Spain,  some  of  the  finer  qualities  of  iron  and  considerable 
quantities  of  steel. 

Before  1568  all  iron  wire  that  was  made  in  England  was 
"  drawn  by  main  strength  alone,"  according  to  Camden.  The 
Germans,  says  this  author,  then  introduced  into  the  Forest  of 
Dean  and  elsewhere  the  art  of  drawing  it  by  a  mill.  Pre- 
vious to  the  year  mentioned  the  larger  part  of  the  iron  wire 
and  ready-made  wool-cards  used  in  England  was  imported. 
Scrivenor  quotes  Williams^s  History  of  MonmoviJishire  as  au- 
thority for  the  statement  that  the  iron  and  wire  works  near 
Tintern  Abbey  were  erected  by  Germans.  There  can  be  no 
doubt  that  the  iron  industry  of  England  in  the  fourteenth, 
fifteenth,  and  sixteenth  centuries  was  greatly  indebted  to  the 
inventive  genius  and  mechanical  skill  of  German,  Flemish, 
French,  and  other  emigrants  from  Continental  countries. 

Near  the  close  of  the  sixteenth  century  there  was  intro- 
duced into  England  an  invention  for  slitting  flattened  bars  of 
iron  into  strips  called  nail-rods.  This  invention  was  the  slit- 
ting mill.  Scrivenor,  upon  the  authority  of  Gough's  Camden, 
states  that  Godfrey  Bochs,  of  Liege,  Belgium,  set  up  at  Dart- 
ford,  in  1590,  **the  first  iron  mill  for  slitting  bars.*'  Dart- 
ford  is  a  market  town  in  Kent.  Another  story  associates  the 
name  of  "  the  founder  of  the  Foley  family,  who  was  a  fiddler 
living  near  Stourbridge,"  with  the  honor  of  introducing  the 
first  slitting  mill  into  England,  a  knowledge  of  which  he  sur- 
reptitiously gained  by  visiting  Swedish  iron  works  and  fid- 
dling for  the  workmen.  Percy  states  that  Richard  Foley,  the 
founder  of  the  Foley  family  at  Stourbridge,  who  was  first  a 
seller  of  nails  and  afterwards  a  forgemaster,  died  in  1657  at 
the  age  of  80  years.    In  1606  and  1618  patents  were  granted 
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in  England  to  Sir  Davis  Bulmer  and  Clement  Dawbeny,  re- 
spectively, for  cutting  iron  into  nail-rods  by  water-power. 

The  slitting  mill,  by  whomsoever  invented  and  perfected, 
greatly  benefited  the  nail  trade  of  England.  Birmingham  be- 
came the  centre  of  this  industry,  and  it  was  here,  probably, 
that  scantily-clad  and  poorly-paid  women  and  girls  were  first 
regularly  employed  in  England  in  the  manufacture  of  nails. 
Hutton,  who  is  quoted  by  Young  in  his  Labor  in  Europe  and 
America^  says  that  in  1741  they  were  thus  employed  in  the 
numerous  blacksmith  shops  of  Birmingham,  "wielding  the 
hammer  with  all  the  grace  of  their  sex."  They  were  called 
"nailers."  Women  and  children  are  still  employed  at  Bir- 
mingham and  its  vicinity  in  making  nails  and  chains,  and 
their  condition  is  usually  wretched  and  pitiable.  Machinery 
was  not  applied  to  the  manufacture  of  nails  in  any  country 
until  near  the  close  of  the  eighteenth  century.  Nail-cutting 
machinery  is  an  American  invention. 

Leland,  a  writer  in  the  time  of  Henry  the  Eighth,  (1509 
to  1547,)  refers  to  Birmingham  as  follows :  "  There  be  many 
smithes  in  the  towne  that  use  to  make  knives  and  all  man- 
ner of  cutting  tooles,  and  many  lorimers  (saddlers)  that  make 
bittes,  and  a  great  many  naylors ;  so  that  a  great  part  of  the 
towne  is  maintained  by  smithes,  whoe  have  their  iron  and 
sea-cole  out  of  Staffordshire."  He  also  says :  "  The  beauty 
of  Birmingham,  a  good  market  towne  in  the  extreame  parts 
of  Warwickshire,  is  one  street  going  up  alonge  almost  from 
the  left  ripe  of  the  brooke,  up  a  meane  hill  by  the  length 
of  a  quarter  of  a  mile.  I  saw  but  one  paroch  church  in  the 
towne."  Camden,  who  wrote  half  a  century  later,  describes 
Birmingham  as  "swarming  with  inhabitants  and  echoing 
with  the  noise  of  anvils." 

The  art  of  tinning  iron  was  first  practiced  in  Bohemia, 
and  in  1620  it  was  introduced  into  Saxony.  These  countries 
for  some  time  supplied  all  Europe  with  tin  plates.  The  dis- 
covery of  tin  in  Bohemia  is  said  by  Flower,  in  his  Histm-y 
of  the  Trade  in  Tin,  to  date  from  1240.  In  1681  Andrew  Yar- 
ranton  asserted  that  tin  plates  were  then  made  in  England 
through  his  means,  he  having  learned  the  art  of  making 
them  in  Saxony  in  1665.  The  exact  date  of  the  introduc- 
tion of  the  manufacture  of  tin  plates  into  England  by  Yar- 
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ranton  b  ^i«i  ti:>  have  been  1*^0-  The  first  attempt  to  estab> 
lL**h  the  new  imiristiy  in  F.ngiand  "sras  imiiie  at  PontypooL  in 
>ronnionth*hire.  in  "Jhaz  vpar.  buz  iz  wa^  not  succtessfnllv  es- 
tabllAe*!  uh»rr«r  unril  172JX  Scrivenor  stat€<  that  in  17-tO  the 
art  "  wd5  brought  to  0OQ5i«ierabLe  perfection  in  £nglan«L'* 

Bat,  n^jtwithstamiins  die  pr»3cres&  which  haii  been  made 
in  the  development  of  the  Fngi:sh  Lni-n  traile,  especially  in 
tht:  reigns  of  Henry  the  Kighdi,  Elizabeth,  and  James  the 
First,  an  innuenoe  wa?  a:  work  which  was  destined  to  weigh 
heavily  for  a  h:in«lreti  anti  rifty  years  3.pc»n  all  further  devel- 
opment. This  was  the  gnawing  scarcity  of  woo^l  for  the  use 
of  the  forges  and  furnaces,  mineral  fuel,  or  pit-coaL  not  yet 
having  ci^me  into  ufe  as  a  5uc«stitute  for  w«x>d  in  these  work& 
The  forests  of  Elngland  in  the  iron  making  «iistricts  had  been 
largely  c«>n«ume«i  by  the  **  voragious  **  iron  works,  and  there 
were  lou'i  complaints  that  the  whole  coumiunity  would  be 
unable  to  obtain  fuel  for  domestic  purposes  if  this  denuda- 
tion were  persisteil  in.  In  response  to  these  complaints  an 
act  was  passed  in  lo5.S,  the  first  year  of  the  reign  of  Eliza- 
beth, which  prohibiten!  the  cuning  of  timber  in  certain  parts 
of  the  countrv  for  conversion  into  coal  or  fuel  ''  for  the  mak- 
ing  of  iron."  special  exception  being  made  of  the  weald  of 
Kent,  the  county  of  Sussex,  and  certain  parishes  "high  in 
the  weald  of  the  count v  of  Surrev."  In  15^  a  roval  decree 
was  issued  abolishing  the  "  bloomeries,"  or  "iron  smithies,''  in 
Fumess  in  Lancashire,  in  compliance  with  a  petition  of  the 
inhabitants,  "  because  they  consumed  all  the  loppings  and 
croppings,  the  sole  winter  foo^l  for  their  cattle."  In  15S1  an 
act  to  prevent  the  destruction  of  timber  was  passed,  which 
set  forth  the  increasing  scarcity  of  timber  for  fuel  in  conse- 
quence of  "  the  late  erection  of  sundry  iron  mills  in  divers 
places  not  far  distant  from  the  city  of  London  and  the  sub- 
urbs of  the  same,  or  from  the  do^nis  and  sea-coast  of  Sus- 
sex," and  pro\'ided  that  '*  no  new  iron  works  should  be  erect- 
ed within  twenty-two  miles  of  Loudon,  nor  within  fourteen 
miles  of  the  river  Thames,"  nor  in  certain  parts  of  Sussex 
near  the  sea :  nor  should  anv  wood  within  the  limits  de- 
scribed,  with  certain  exceptions,  be  converted  *'  to  coal  or 
other  fewel,  for  the  making  of  iron-metal  in  any  iron-mill, 
furnace,  or  hammer/'     A  more  sweeping  act  was  passed  in 
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1584,  which  prohibited  the  erection  of  any  new  iron  works 
in  Surrey,  Kent,  and  Sussex,  and  ordered  that  no  timber  one 
foot  square  at  the  stub  should  be  used  as  fuel  "  at  any  iron 
work."  It  is  said  that  these  restrictions  were  not  very  rig- 
idly enforced,  but  they  served  to  narrow  the  limits  within 
which  the  manufacture  of  iron  could  be  conducted,  although 
they  did  not  abridge  the  manufacture  itself.  Lower  says 
that,  in  the  ^rly  part  of  the  reign  of  Charles  the  First,  who 
was  beheaded  in  1649,  "the  number  of  mills  and  furnaces 
had  increased  yearly,  in  spite  of  the  statutes  limiting  their 
extension,  and  the  waste  of  timber  was  again  brought  before 
the  notice  of  government."  This  increase,  however,  was  prob- 
ably in  districts  of  the  country  which  had  not  previously  been 
largely  devoted  to  the  manufacture  of  iron.  Dudley,  in  his 
MetMlum  Martis^  says  that  about  1620  there  were  nearly  20,- 
000  smiths  of  all  sorts  within  ten  miles  of  Dudley  Castle,  in 
Staffordshire,  and  that  there  were  also  "many  iron  works  at 
that  time  within  that  circle  decayed  for  want  of  wood  (yet 
formerly  a  mighty  woodland  country)." 

About  the  middle  of  the  seventeenth  century  the  British 
iron  industry  experienced  a  serious  check  through  the  civil 
commotion  known  as  the  Cromwellian  Rebellion  which  then 
prevailed.  Many  of  the  forges  and  furnaces  in  Sussex  and 
in  the  south  of  Wales  were  destroyed,  and  they  were  not 
again  rebuilt.  Soon  after  the  Restoration  all  the  royal  iron 
works  in  the  Forest  of  Dean  were  destroyed,  owing  to  the 
scarcity  of  timber.  There  was  then  much  apprehension  felt 
lest  the  Forest  of  Dean  should  fail  to  supply  timber  for  the 
royal  navy.  Owing  to  the  scarcity  of  timber  many  of  the 
iron  works  in  Kent,  Sussex,  and  Surrey,  and  in  the  north  of 
England  were  "laid  down"  in  1676,  and  England's  supply 
of  iron  was  largely  derived  from  "  Sweadland,  Flanders,  and 
Spain." 

Notwithstanding  these  severe  checks  the  iron  industry  of 
England  bravely  refused  to  be  utterly  destroyed,  and  as  late 
as  1720  it  was  still  second  in  importance  to  the  manufacture 
of  woolen  goods.  In  1724  it  was  the  chief  industry  of  Sus- 
sex. In  1740,  however,  only  59  furnaces  were  left  in  all 
England  and  Wales,  and  their  total  production  was  but  17,- 
350  tons  of  pig  iron,  or  about  294  tons  for  each  furnace.    All 
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theije  furnaces  may  not  have  been  in  blast,  as  it  has  been 
stated  that,  ten  years  later,  in  1750,  each  of  the  charcoal  fur- 
naces of  Monmouthshire  produced  24  tons  of  iron  in  a  week. 
Ten  of  the  furnaces  existing  in  1740  were  in  Sussex,  but  in 
1788  only  two  of  these  were  left,  and  in  1796  only  one  is 
mentioned.  In  1740  there  were  10  charcoal  furnaces  in  the 
Forest  of  Dean.  Pig  iron  is  still  made  in  this  district,  but 
with  coke  as  fuel.  The  iron  industry  of  Kent,  Sussex,  and 
Surrey  is  now  extinct.  The  last  furnace  in  the  weald  of 
Sussex,  at  Ashbumliam,  was  blown  out  in  1829. 

During  the  seventeenth  and  eighteenth  centuries  England 
imported  iron  largely  from  Sweden,  and  in  the  latter  century 
both  Russia  and  the  American  colonies  contributed  to  her 
supply.  The  scarcity  of  timber  for  fuel  for  blast  furnaces  in 
England  continuing,  a  proposition  was  made  in  the  British 
Parliament  in  1737  to  bring  all  pig  iron  from  the  British  col- 
onies in  America ;  and  in  1750,  to  facilitate  the  importation 
of.  pig  iron  from  these  colonies,  the  duty  which  had  previous- 
ly been  imposed  for  the  protection  of  British  pig-iron  manu- 
facturers was  repealed.  At  this  time  the  business  of  manu- 
facturing pig  iron  in  some  parts  of  Great  Britain  was  still 
conducted  upon  such  primitive  principles  that  both  charcoal 
and  iron  ore  were  carried  to  the  furnaces  of  Monmouthshire 
on  the  backs  of  horses. 

About  the  middle  of  the  eighteenth  century  mineral  fuel 
in  the  form  of  coke  came  into  general  use  in  the  manufacture 
of  pig  iron  in  England,  and  the  iron  trade  of  that  country 
and  Wales  at  once  revived,  while  that  of  Scotland  may  be 
said  to  have  been  created  by  the  new  fuel.  As  Ciirly  as  the 
beginning  of  the  preceding  century  the  celebrated  and  unfort- 
unate Dud  Dudley  and  others  had  experimented  in  England 
in  the  manufacture  of  iron  with  coke,  but  the  first  contin- 
uous and  completely  successful  use  of  mineral  fuel  in  the 
blast  furnace  was  by  Abraham  Darby,  of  Shropshire,  at  his 
furnace  at  Coalbrookdale,  in  1735,  or  possibly  a  year  or  two 
earlier.  This  coal  was  coked.  The  new  fuel  was  at  once  in- 
troduced at  other  furnaces  in  England.  Raw  coal  had  previ- 
ously been  used  in  refineries.  In  1740  a  coke  furnace  was 
built  at  Pontypool,  in  Monmouthshire.  In  1796  charcoal  fur- 
naces had  been  almost  entirely  abandoned  in  Great  Britain. 
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Mr.  Robert  Hunt  thus  describes  the  early  attempts  that 
were  made  in  England  to  manufacture  iron  with  mineral  fuel. 

In  the  time  of  King  James  several  patents  for  the  manufacture  of  iron 
with  pit-coal  were  granted,  but  with  little  success,  till  IJud  Dudley,  in  1619, 
succeeded  in  making  coke  pig  iron  at  the  rate  of  three  tons  per  week.  Pre- 
viously, in  1612,  Simon  Sturtevant,  and,  in  1613,  Ilavenzon,  made  experimenta 
in  fhe  same  direction,  but  without  success.  During  the  Commonwealth  jmt- 
ents  were  also  granted,  in  one  of  which  Oliver  Cromwell  was  a  i)artner. 
Again,  in  16<53,  Dud  Dudley  secured  his  last  ]^tent,  setting  forth  that  at  one 
time  he  was  cajwble  of  producing  seven  tons  of  coke  pig  iron  each  week,  the 
furnace  being  twenty-seven  feet  square,  the  blast  impelled  by  bellows,  which 
one  man  could  work  for  an  hour  without  being  much  tired.  It  was  not,  how- 
ever, till  the  beginning  of  the  18th  century  that  the  successful  application  of 
coal,  previously  coked,  was  solved  by  Abraham  Darby,  of  the  Coalbrookdale 
iron  works,  Shropshire,  giving  a  new  and  greater  imj)etu8  to  the  iron  indus- 
tries of  the  kingdom. 

The  manufacture  of  pig  iron  with  mineral  fuel  was  great- 
ly facilitated  by  the  invention  of  a  cylindrical  cast-iron  bel- 
lows by  John  Smeaton  in  1760,  to  take  the  place  of  wooden 
or  leather  bellow^s;  and  by  the  improvements  made  in  the 
steam  engine  by  James  Watt  about  1769,  both  these  valuable 
accessions  to  blast-furnace  machinery  being  used  for  the  first 
time,  through  the  influence  of  Dr.  Roebuck,  at  the  Carron 
iron  works  in  Scotland.  The  effect  of  their  introduction  was 
to  greatly  increase  the  blast  and  consequently  to  increase  the 
production  of  iron.  The  blast,  liowever,  continued  to  be  cold 
at  all  furnaces,  both  coke  and  charcoal,  and  so  remained  un- 
til 1828,  when  James  Beaumont  Neilson,  of  Scotland,  invented 
the  hot^blast,  which  is  now  in  general  use  in  Great  Britain 
and  other  ironmaking  countries. 

These  and  other  changes  in  the  manufacture  of  pig  iron 
were  accompanied  by  equally  important  improvements  in  the 
manufacture  of  wrought,  or  finished,  iron.  In  1783  Henry 
Cort,  of  Gosport,  England,  obtained  a  patent  for  rolling  iron 
into  bars  with  grooved  iron  rolls,  and  in  the  follow^ing  year 
he  obtained  a  patent  for  converting  pig  iron  into  malleable 
iron  by  means  of  a  puddling  furnace.  These  patents  did  not 
relate  to  entirely  new  inventions  in  the  manufacture  of  iron 
but  to  important  improvements  on  existing  methods,  which 
had  not,  however,  been  generally  employed.  John  Payne  and 
Major  Hanbury  rolled  sheet  iron  as  early  as  1728  at  Pon- 
typool,  and  patents  w^ere  granted  for  grooved  rolls  to  other 
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Englishmeu  before  Cort'fl  day.     From   Cort's  time  forward  | 
bituminouB  coal  wa»  tised  in  the  puddling  furnace  aB  well  as  1 
in  tliQ  blast  funiacc,  but  in  its  raw  state.     To  the  important 
improTenietifs   i^itroduceU   by   Cort  the    iron   trade  of   Great 
Britain  ia  greatly  indebted.    The  refiniiig  of  pig  iron  in  for- 
ges and  its  subsequent  conversion  into  bars  and  plates  unfler  I 
a  hammer  formed  the  only  general  method  of  producing  fin- 
ished iron  down  to  Cort's  day,  both  in  (ireat  Britain  and  on  I 
the  Continent,  and  it  was  wholly  inadefjuate  to  the  produc- 
tion of  large  quantities  of  iron  of  this  character.  With  niin- 
entl  fuel,  j>owerfuI  blowing  engines,  the  puddling  furnace,  and  I 
grooved  rolls  Great  Britain  rapidly  passed  to  the  front  of  all 
ironmaking  nations.     But  the  foundation  of  this  progress  was 
tile  ]}03seasion  of  minenii  fuel,  or  pit-<x)al,  of  superior  quality  I 
and  in  large  and  apparently  inexliaustible  quantities.     On  tlie  | 
Continent  at  this  time  the  pit-coal  which  had  been  develo)>ed  i 
was  supjKtsed  to  be  unsuited  to  the  manufdcture  of  iron.    Ow- 
ing to  this  belief  and  to  the  demoralization  of  all  industries  ,| 
caused  by  the  Napoleonic  wars  coke  pig  iron  was  not  made  | 
on  the  Continent  until  1826,  when  John  Cockerill  aucccssfally  | 
introduced  the  use  of  coke  at  a  blast  furnace  at  Seraing. 

Steel  was  largely  made  in  England  as  early  as  HM)9,  and  ! 
most  probably  in  cementjition  fumai^s,  the  product  being  I 
knottii  as  blister  steel  and  shear  steel.  The  manufacture  of  | 
steel  by  cementation  did  not,  however,  originate  in  England, 
but  on  the  Continent  Tn  the  year  mentioned  John  ILiwes  I 
hold  the  site  of  the  Abbey  of  Robertsbridge  in  Sussex,  ujwn  [ 
which  were  eight  steel  "funiaoes."  The  invention  of  crucible  I 
cast  steel  originated  with  Benjamin  Huntsman,  an  English  1 
dockniaker,  at  Sheffield,  in  1740,  and  Jiot  only  Sheffield,  th«  I 
[irincipftl  scat  of  its  manufacture  and  of  the  maiitifncturo  of  •! 
nil  kinds  of  cutlery,  but  all  England  as  well  has  greatly  prof-  I 
itcd  by  his  discoverj-.  The  manufacture  of  cemented  steell 
also  became  a  leading  industry  of  Sheffield  in  the  eighteenth! 
century. 

At  the  beginning  of  the  seventeenth  century  SheflieMj 
contained  2,207  [lersons ;  at  tJie  census  of  1881  it  had  2fM.-r 
508.  As  late  at  17Sfi  the  fjojiulation  of  Sheffield  was  onl^l 
10,121.  A  curious  document  st-ts  forth  that,  "by  a  survaie  ofT 
the  towni:  of  Hhetllld,  made  the  second  daio  of  Jaiiuaric,  1U1'),| 
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by  twenty-four  of  the  most  sufficient  inhabitants  there,  it 
appeareth  that  there  are  in  the  towne  of  Sheffild  2,207  peo- 
ple ;  of  which  there  are  725  which  are  not  able  to  live  with- 
out the  charity  of  their  neighbours;  these  are  all  begging 
poore.  One  hvmdred  householders  which  relieve  others.  These 
(though  the  best  sorte)  are  but  poor  artificers;  among  them 
there  is  not  one  that  can  keep  a  teame  on  his  own  land,  and 
not  above  tenn  that  have  ground  of  their  own  that  can  keep 
a  cow.  One  hundred  and  sixty  householders  not  able  to  re- 
lieve others.  These  are  such  (although  they  beg  not)  as 
are  not  able  to  abide  the  storme  of  one  fortnight's  sickness, 
but  would  be  thereby  driven  to  beggary.  One  thousand  two 
hundred  and  twenty-two  children  and  servants  of  the  said 
householders,  the  greatest  part  of  which  are  such  as  live  of 
small  wages,  and  are  constrained  to  work  sore  to  provide 
them  necessaries." 

Benjamin  Huntsman  was  bom  in  Lincolnshire,  England, 
in  1704,  of  German  parents,  and  died  at  AtterclifFe,  near 
Sheffield,  on  June  20,  1776.  He  was  a  member  of  the  So- 
ciety of  Friends. 

Robert  Hunt  was  born  at  Devonport,  England,  on  Sep- 
tember 1,  1807,  and  died  at  Chelsea,  England,  on  October  17, 
1887. 

Dr.  John  Percy  was  born  at  Nottingham,  England,  on 
March  23,  1817,  and  died  at  Paddington,  England,  on  June 
19,  1889. 

Professor  James  E.  Thorold  Rogers  was  bom  at  West 
Meon,  in  Hampshire,  England,  in  1823,  and  died  at  Oxford, 
England,  on  October  13,  1890. 


56  THE   MAXUFACTURE   OF 


CHAPTER  V. 

THE   EARLY  IRON   INDUSTRY  OF  WALES,   IRELANT), 

AND   SCX)TLAXD. 

Ix  preceding  chapters  relating  to  the  British  ii>on  indiis> 
try  our  attention  has  l»een  wholly  occupied  with  the  details 
of  its  development  in  England.  We  will  now  turn  lo  the 
early  iron  industry  of  Wales,  Ireland,  and  Scotland. 

It  has  already  been  stated  that  iron  was  made  in  Wales 
during  the  Roman  occupiation  of  Britain.  As  the  Welsh 
were  a  somewhat  exclusive  and  j^ractically  an  independent 
people  down  to  a  comparatively  recent  period  it  may  be  as- 
sumed that  thev  have  never  since  ceased  to  make  iron,  al- 
though  we  have  found  no  details  of  its  manufacture  by  them 
prior  to  the  sixteenth  century.  At  Crickhowell,  in  Brecknock- 
shire, there  were  to  be  found  a  few  years  ago  large  quantitieB 
of  scoria  of  supposed  Roman  origin.  In  the  sixteenth  centu- 
ry, owing  to  the  scarcity  of  timber  in  England,  some  of  the 
ironmasters  of  Sussex  emigrated  to  Glamorganshire,  in  South 
Wales,  where  thev  founde«i  the  iron  works  of  Aberdare  and 
other  iron  works.  Remains  of  the  works  in  the  Aberdare 
valley  still  exist.  At  PontyiK)ol,  on  the  Welsh  l^order,  a  blast 
furnace  was  built  by  Capel  Hanl.»ury  in  irnVi,  to  smelt  the 
Roman  cinder  which  was  found  there,  and  about  1620  "  the 
Hanburvs"  are  said  to  have  built  iron  works  at  Llanelly. 
The  develoi»nienT  of  the  extensive  iron  industry  of  Merthyr 
Tydvil  ap]K^ir>  to  liatt*  from  about  IToo,  when  the  Dowlais 
iron  work^  w^rv  t-stablislie«l,  although  iron  is  said  to  have 
been  mad*.-  ;•.:  Merthyr  as  long  ago  as  166(».  In  1770  the 
first  cok«>  f  uniai;e  in  South  Wak^s  was  built  at  Cx-fanhfiu  In 
178S  iL-rv  were  six  eokt.^  furnaces  in  Sc»uth  Wales.  Cort's 
inveijtior^*  were  promptly  apjtropriatevl  by  Welsh  ironmasters. 
The  lirrT.  ^.I'.-cessful  manufacture  of  pig  iron  with  anthracite 
coal  '.Vii*  a'-'.'.'mplislK^l  by  Iteorge  Crane,  an  Englishman,  at 
Yni'!i-»i'A-::i.  in  Wales,  in  lSo7. 

Mv-r.hyr,  at  one  time  calle^l  the  iron  meiroiK)lis  of  Wales, 
is  Siai-i  to  owe  its  name  to  Tydvil,  the  daugliter  of  Brychan, 
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the  king  of  the  district  and  a  very  devout  old  man,  who  was 
murdered  in  420  by  a  party  of  marauding  Saxons,  or,  as 
stated  by  others,  Irish  Picts,  together  with  her  father  and 
brother.  A  church  was  erected  on  the  spot  to  her  memory 
and  named  after  her,  Merthyr  Tydvil,  or  Tydvil  the  Martyr. 
Tydvil  is  not  an  uncommon  feminine  name  in  Wales  to-day. 

According  to  Scrivenor,  iron-ore  mines  were  opened  in 
Ireland  by  the  English  who  settled  in  the  country  during  the 
reign  of  Elizabeth,  and  iron  itself  was  extensively  manufac- 
tured in  Ireland  by  the  English  during  the  reign  of  James 
the  First  and  afterwards.  The  most  extensive  works  were  in 
the  provinces  of  Munster,  Connaught,  and  Ulster,  and  in  the 
counties  of  Queens,  Kings,  and  Thomond.  In  some  instances 
iron  ore  was  taken  from  England  to  the  sea-coast  of  Ulster 
and  Munster  in  Ireland,  the  latter  country  then  abounding  in 
forests,  but  generally  Ireland  supplied  both  the  ore  and  fuel. 
Most  of  the  iron  produced  was  in  bars  from  fofges;  but  ord- 
nance, pots,  and  other  articles  were  also  cast  in  foundries  or 
furnaces.  The  Rebellion  of  1641  put  an  end  to  many  of  the 
English  iron  works  in  Ireland,  some  valuable  works  in  the 
county  of  Mayo  escaping.  In  1660  Sir  William  Petty  estab- 
lished extensive  iron  works  in  the  county  of  Kerry,  which 
continued  in  operation  until  the  middle  of  the  eighteenth 
century,  when  they  were  stopped  in  consequence  of  the  scar- 
city of  timber.  In  1672  Sir  William  stated  that  one  thou- 
sand tons  of  iron  were  then  made  in  Ireland.  Near  the  close 
of  the  seventeenth  century  an  act  of  the  British  Parliament 
remitted  the  duties  on  bar  iron  and  on  iron  slit  and  ham- 
mered into  bars  imported  from  Ireland,  the  manufacturing 
industries  of  Ireland  being  then  greatly  depressed.  The  iron 
industry  of  Ireland  survived  until  the  reign  of  George  the 
Second,  in  the  early  part  of  the  eighteenth  century,  when  it 
came  to  an  end  in  consequence  of  the  scarcity  of  timber,  the 
competition  of  English  iron,  and  the  unsettled  condition  of 
the  country.  An  effort  was  made  to  revive  it  at  the  close  of 
the  century,  but  it  met  with  slight  success. 

In  1840  there  were  no  iron  works  in  Ireland  "  goifig  on," 
and  in  1857  there  was  only  one  furnace  standing  in  Ireland. 
There  are  now  no  iron  works  in  the  country.  Irish  ores  wore 
exported  to  the  United  States  in  1879  and  1880,  and  in  more 
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recent  years.  In  1888  County  Antrim  in  Ireland  produced 
129,235  tons  of  iron  ore,  and  a  small  quantity  was  also 
produced  in  County  Roscommon.  In  1889  County  Antrim 
produced  164,686  tons,  but  no  ore  was  produced  in  County 
Roscommon.  In  all  Ireland  there  were  mined  91,904  tons 
of  coal  in  1888  and  103,201  tons  in  1889. 

It  has  already  been  incidentally  stated  that  iron  was  very 
scarce  in  Scotland  in  the  closing  centuries  of  the  middle  ages, 
the  Scotch  people  obtaining  nearly  all  their  supplies  of  iron 
at  that  time  from  other  countries.  The  Scotch,  however, 
were  noted  during  the  period  mentioned  for  the  excellence 
of  their  swords  and  armor,  the  former  vying  in  temper  with 
those  of  Toledo,  Bilbao,  and  Milan.  In  Sir  Walter  Scott's 
story  of  The  Fair  Maid  of  Perth,  the  incidents  of  which  are 
supposed  to  have  occurred  during  the  last  years  of  the  four- 
teenth century,  the  hero,  Henry  Gow,  is  an  armorer,  a  forger 
of  swords  and  bucklers  and  coats-of-mail.  In  1547  an  Eng- 
lish chronicler  wrote  that  "the  Scots  came  with  swords  all 
broad  and  thin,  of  exceeding 'good  temper,  and  universally 
so  made  to  slice  that  I  never  saw  none  so  good,  so  I  think  it 
hard  to  devise  a  better." 

In  a  paper  read  in  1886  before  the  Society  of  Antiquaries 
of  Scotland  Mr.  Ivison  Macadam  fully  described  the  ancient 
iron  industry  of  Scotland.  The  discovery  of  several  mounds 
of  iron  slag  in  Argyleshire  and  elsewhere  in  1881  had  led 
him  to  investigate  their  origin.  A  list  of  many  old  bloom- 
aries  had  been  obtained  at  the  time  his  paper  was  written. 
The  ore  used  in  most  cases  was  bog  ore,  but  occasionally  red 
iron  ore  w^as  used,  and  even  clay  band  ore.  The  two  Isist 
named  may  have  been  imported  from  England.  The  fuel  was 
wood  or  peat  charcoal,  large  supplies  of  which  could  be  ob- 
tained in  the  neighborhood  of  most  of  the  sites  of  these  old 
iron  works.  Mr.  Macadam  exhibited  specimens  of  the  slag, 
charcoal,  iron  ores,  and  iron  found  in  the  ruins  of  the  bloom- 
aries.  His  valuable  discoveries  completely  establish  the  fact 
that  the  inhabitants  of  Scotland  in  early  times  were  familiar 
with  the  manufacture  of  iron  in  bloomaries,  probably  as 
early  as  the  eleventh  or  twelfth  century.  We  have  already 
mentioned  that  pieces  of  iron  slag  have  been  discovered  in 
the  ruins  of  Celtic  fortified  towns  in  the  Cheviot  hills,  on  the 
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boundary  between  England  and  Scotland,  which  may  relate 
to  a  still  earlier  period. 

Mr.  Macadam  gives  a  circumstantial  account  of  a  blast 
furnace  which  was  erected  in  1607  at  Letterewe,  in  Ross-shire, 
Scotland,  and  which  was  successfully  operated  for  many  years. 
The  foundations  and  other  remains  of  this  first  of  historic 
furnaces  in  Scotland  are  still  to  be  seen.  The  furnace  was 
situated  on  the  north  bank  of  Furnace  Burn,  which  flows  into 
Loch  Maree  about  one  mile  to  the  south  of  Letterewe  House. 
Sir  George  Hay,  a  native  of  Perthshire,  was  the  owner  of  the 
furnace.  An  old  manuscript  refers  to  "  the  woods  of  Letter- 
ewe, where  the  said  George  Hay  kept  a  colony  and  manu- 
factory of  Englishmen  making  iron  and  casting  great  guns, 
untill  the  woods  of  it  was  spent  and  the  lease  of  it  expired." 
Pennant,  in  his  Tour  in  Scotland^  (1769,)  mentions  "the  re- 
mains of  a  very  ancient  iron  furnace,"  and  adds  that  **  Mr. 
Dounie  has  seen  the  back  of  a  grate  marked  S.  G.  Hay,  or 
Sir  George  Hay,  who  was  head  of  a  company  here  in  the. 
time  of  the  Queen  Regent."  Some  of  the  ore  used  was  found 
in  the  neighborhood,  but  a  part  seems  to  have  been  brought 
by  sea  from  England.  Mr.  Macadam  also  describes  the  re- 
mains of  two  other  iron  works  on  Loch  Maree  that  are  prob- 
ably as  old  at  least  as  the  Letterewe  furnace,  one  of  which, 
Fasagh,  may  have  been  a  bloomary,  working  on  bog  ores, 
while  the  other.  Red  Smiddy,  embraced  a  furnace,  for  the 
production  of  guns,  grates,  and  other  castings,  and  a  forge 
for  making  wrought  iron,  the  ores  used  being  red  hematite 
and  clayband. 

Of  the  earliest  of  modern  blast  furnaces  in  Scotland  Mr. 
Macadam  also  gives  a  circumstiintial  account.  There  was  a 
furnace  at  Invergarry  about  1730,  which  was  operated  by  a 
Liverpool  company  which  used  imported  ore,  at  least  in  part. 
Some  pigs  of  iron,  inscribed  "  1732,"  have  been  found  doing 
service  as  headstones  in  a  disused  graveyard  at  Gairlochy 
locks,  on  the  Caledonian  canal.  A  furnace  was  built  at  Bun- 
awe,  in  Argyleshire,  in  1730,  by  an  Irish  company.  This  fur- 
nace ceased  to  be  operated  in  1866.  In  1878  its  machinery 
was  removed  to  England.  The  ore  used  was  imported  from 
Ulverston,  in  Lancashire.  A  furnace  was  built  in  the  neigh- 
borhood of  Aberjiethy,  in  Strathspey,  in  1730,  and  there  were 
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also  attached  "  four  furnaces  for  niaking  bar  iron."  At  this 
furnace  "  Glengarrj- ' '  and  "  Strathdown  ' '  pigs  were  produced. 
Brown  hematite  iron  ore  for  the  U5e  of  this  furnace  was 
brought  from  Tomintoul,  in  BanflFshire,  a  distance  of  nearly 
twenty  miles,  "  on  pony  back.*'  A  furnace  called  Craleckan, 
or  Goatfield,  at  Inverleckan,  or  Furnace,  on  Loch  Fyne,  about 
eight  miles  distant  from  Inveraray,  was  built  in  1754  by  a 
Lancashire  company,  which  brought  its  ore  from  England. 
Charcoal  was  taken  to  the  furnace  on  the  backs  of  a  "  string 
of  from  30  to  40  ponies."  This  furnace  also  had  a  forge  at- 
tacherl  to  it.  The  works  ceased  operations  in  1S13.  The  first 
blast  furnace  of  the  celebrated  Carron  iron  works,  about  a 
mile  from  Falkirk,  was  built  in  1759  and  first  put  in  opera- 
tion on  January  1,  1760.     These  works  are  still  active, 

Carron  furnace  was  at  first  operated  with  charcoal,  but 
coke  was  aftemards  substituted.  This  furnace  was  the  first 
in  Scotland  to  use  the  new  fuel.  The  manufacture  of  carron- 
ades  was  long  a  specialty  of  the  Carron  iron  works,  from 
which  they  took  their  name.  In  1788  there  were  six  coke 
furnaces  in  Scotland  and  the  two  charcoal  furnaces  of  Bun- 
awe  and  Goatfield. 

There  are  now  no  charcoal  furnaces  in  Scotland,  none  in 
Ireland  or  Wales,  and  but  two  in  all  England.  These  two 
furnaces  were  in  blast  in  1889.  For  several  years  they  have 
produced  but  little  iron.  They  are  known  as  Newlands  and 
Backbarrow,  and  are  situated  near  Ulverston,  in  Lancashire. 
Backbarrow  was  built  not  later  than  1711.  Newlands  was 
built  in  1747. 

About  1782  two  blast  furnaces,  knowTi  as  the  Devon  iron 
works,   were   erected    in    Clackmannanshire,    Scotland.      Mr. 
Richard  Meade,  in  his  Coal  and  Iron  Industries  of  the  United  ^ 
Kingdom^  quotes  Sir  John  Sinclair's  description  of  these  cu- 
rious furnaces,  written  in  1792,  which  we  reproduce  below. 

A  steep  bank  rises  more  than  90  feet  from  the  level  of  the  river,  and 
is  composed  of  a  rock,  or  verv-  thick  stratum  of  limestone,  very  dry  and 
uniform  in  its  tc»xture,  and  almost  free  from  cracks  and  fissures.  Instead 
of  the  usual  meth(xl  of  Imilding  witli  stone  and  lime,  the  several  luirts  of 
the  works  have  Ix^en  fonned  in  this  bank  bv  excavations  made  in  the 
rock.  Two  furnaces,  which  are  eacli  40  feet  high  and  14  feet  in  diameter, 
an<l  also  tlie  s|»acious  arches  which  give  access  to  the  workmen  at  the  l>ot- 
tf>m  of  the  furnace,  to  draw  off  the  liquid  metal  and  slag,  are  cut  out  of 
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the  rock.  The  roof  which  covers  the  easting  house,  a  room  70  feet  long,  50 
feet  wide,  and  23  feet  high,  is  supported  by  the  sides  of  the  quarry  and 
the  sohd  pillars  of  the  rock  that  were  left  for  the  purpose  in  making  the 
excavation.  In  like  manner  is  formed  the  engine  house  and  its  apparatus, 
which  is  intended  to  supply  the  two  furnaces  with  wind,  by  throwing  at 
each  vibration  of  the  engine  a  sufficient  quantity  of  air  out  of  a  large  cylin- 
der into  a  long  gallery  or  close  mine  formed  in  the  rock.  This  magazine 
of  wind  will  contain  10,000  cubic  feet  of  air,  much  condensed  by  the  power 
of  the  engine,  as  the  gallery  is  very  closely  shut  up  and  made  air-tight^ 
having  only  two  apertures,  one  to  receive  the  supply  of  air  from  the  air- 
piunp  and  the  other  to  admit  a  pipe  that  conducts  the  condensed  air  to 
blow  the  two  furnaces. 

Mr.  Meade  says  that  these  works  continued  in  operation 
for  many  years,  but  were  stopped  about  the  year  1858,  and 
were  soon  afterwards  dismantled. 

At  the  close  of  1889  there  were  769  blast  furnaces  in  Great 
Britain,  of  which  only  444  were  in  blast  during  the  year.  Of 
the  whole  number  there  were  635  in  England  and  Wales  and 
134  in  Scotland.  Of  the  furnaces  out  of  blast  many  were 
of  antiquated  construction  and  will  probably  never  again  be 
active. 
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CHAPTER  VI. 

THE  BRITISH  IRON  INDUSTRY  BUILT  UP  BY  BRITISH 

INVENTIVE  GENIUS. 

The  eighteenth  century  marked  a  new  era  in  all  those 
branches  of  manufacturing  industry  in  which  the  British  peo- 
ple have  become  prominent.  It  was  the  era  of  machinery, 
which  then  began  to  receive  general  attention  as  a  substitute 
for  hand  labor.  This  era  gave  to  the  people  of  Great  Britain 
the  manfufacture  of  India  cotton  goods,  and  it  largely  increas- 
ed their  woolen  industry  and  also  wonderfully  developed  their 
iron  industry.  It  was  in  the  eighteenth  century  that  Great 
Britain,  in  consequence  of  her  quick  appreciation  of  the  val- 
ue of  labor-saving  machinery,  became  the  first  manufacturing 
nation  in  the  world ;  in  the  preceding  century  four-fifths  of 
all  British  workingmen  were  still  farmers  or  farm  laborers. 

During  the  latter  part  of  the  eighteenth  century  and  the 
whole  of  the  nineteenth  century  down  to  the  present  time  no 
other  country  has  occupied  so  conspicuous  a  position  in  the 
manufacture  of  iron  and  steel  as  Great  Britain.  Spain  and 
Germany  had  both  been  more  prominent  in  the  production 
of  these  essentials  of  modern  civilization,  but  Great  Britain 
spumed  all  opposition  when  she  began  to  make  pig  iron 
with  the  aid  of  mineral  fuel  and  powerful  blowing  engines. 
She  had  iron  ores  and  mineral  fuel  in  abundance,  and  her 
people  had  applied  to  the  utilization  of  these  products  their 
invincible  energy  and  their  newly-developed  inventive  genius. 
Thenceforward  the  lack  of  timber  for  charcoal,  which  had 
previously  almost  destroyed  her  once  flourishing  iron  indus- 
try, was  no  longer  lamented  and  was  but  little  felt  She  was 
afterwards  the  first  nation  to  refine  pig  iron  in  puddling 
furnaces  and  to  make  bar  iron  in  rolling  mills.  France,  Ger- 
many, and  other  Continental  countries  might  have  substi- 
tuted mineral  fuel  for  charcoal,  invented  the  puddling  fur- 
nace, or  perfected  the  rolling  mill  and  the  steam  engine,  but 
none  of  them  did. 

The  whole  world  is  indebted  to  England  and   Scotland 
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for  the  inventions  which  gave  a  fresh  impetus  to  the  manu- 
facture of  iron  in  the  eighteenth  century.  Payne  and  Han- 
bury,  who  first  succeeded  in  rolling  sheet  iron;  Darby,  who 
first  successfully  and  continuously  used  coke  in  the  blast  fur- 
nace ;  Huntsman,  who  invented  the  process  of  making  steel  in 
crucibles  ;  Smeaton,  who  invented  cast-iron  blowing  cylinders ; 
and  Cort,  who  invented  grooved  rolls  and  the  puddling  fur- 
nace, were  Englishmen  ;  while  Watt,  who  perfected  the  steam 
engine,  was  a  Scotchman.  It  is  also  indebted  to  the  same 
countries  for  most  of  the  inventions  of  the  present  century 
which  have  further  developed  the  manufacture  of  iron  and 
increased  the  demand  for  it,  and  which  have  almost  created 
the  manufacture  of  steel.  Stephenson,  the  Englishman,  im- 
proved the  locomotive  in  1815,  and  in  1825  the  first  passen- 
ger railroad  in  the  world  was  opened  in  England,  his  loco- 
motive hauling  the  trains.  The  railroad  is  the  greatest  of 
all  the  consumers  of  iron  and  steel.  Neilson,  the  Scotchman, 
invented  the  hot-blast  in  1828;  Crane,  the  Englishman,  ap- 
plied it  to  the  manufacture  of  pig  iron  with  anthracite  coal  in 
1837 ;  Nasmyth,  the  Scotchman,  invented  the  steam  hammer 
in  1838  and  the  pile-driver  in  1843 ;  and  Bessemer,  the  Eng- 
lishman, invented  in  1855  the  process  which  bears  his  name 
and  is  the  flower  of  all  metallurgical  achievements — a  share 
in  the  honor  of  this  invention,  however,  being  fairly  due  to 
the  co-operating  genius  of  Robert  F.  Mushet,  also  an  English- 
man, but  bom  of  Scotch  parentage.  The  Siemens  regenera- 
tive gas  furnace,  which  has  been  so  extensively  used  in  the 
manufacture  of  iron  and  steel,  is  also  an  English  invention, 
although  the  inventors,  Sir  William  and  Frederick  Siemens, 
while  citizens  of  England,  were  natives  of  Hanover  in  Ger- 
many. 

It  is  only  just  to  add  that  Sir  Henry  Bessemer,  although 
bom  in  England,  is  the  son  of  a  French  refugee  who  settled 
in  England  during  the  French  Revolution  of  1789,  and  that 
Benjamin  Huntsman,  the  inventor  of  the  process  for  manu- 
facturing cast  steel  in  crucibles,  was  the  son  of  German  pa- 
rents, although  himself  born  in  England.  Mr.  Goran  F.  G6- 
ransson,  of  Sandviken,  Sweden,  also  assisted  in  perfecting  the 
Bessemer  process.  It  was,  however,  enterprising  and  sturdy 
England  which  nursed  the  genius  of  the  great  inventors  we 
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have  mentioned  who  were  of  Continental  birth  or  extraction, 
and  it  was  in  England  that  the  ripe  fruits  of  their  inventions 
were  first  abundantly  gathered. 

That  Great  Britain  at  the  beginning  of  her  manufacturing 
activity  did  not  seek  to  extend  the  influence  of  her  new  light 
and  life  to  other  countries,  but  by  various  acts  of  Parliament 
sought  to  prevent  the  introduction  of  her  inventions  and  the 
emigration  of  her  skilled  artisans  into  those  countries,  is  not 
here  a  subject  of  comment;  nor  is  the  strict  adherence  of 
Great  Britain  to  a  policy  of  protection  to  home  industries  by 
customs  duties  during  five  centuries  and  down  to  almost  the 
middle  of  the  present  century  a  subject  of  present  comment. 
Both  measures  undoubtedly  fostered  the  growth  of  British 
manufacturing  industries,  and  in  the  end  the  world  was  bene- 
fited by  British  inventions,  which  found  their  way  across  the 
English  channel  and  the  Atlantic  ocean,  and  by  the  example 
of  British  energy  and  British  enterprise  in  the  utilization  of 
native  manufacturing  resources. 

The  United  States  is  to-day  a  recognized  and  formidable 
rival  of  Great  Britain  in  the  manufacture  of  all  forms  of  iron 
and  steel,  partly  because  we  have  abundant  native  resources 
for  their  production,  and  partly  because  we  are  of  the  same 
blood  as  the  British  people  and  their  German  ancestors,  but 
chiefly  because  we  have  adopted  and  in  many  instances  have 
improved  upon  her  invaluable  engineering  and  metallurgical 
inventions,  the  most  important  of  which  have  been  briefly 
summarized  in  this  chapter. 
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CHAPTER  VII. 

EARLY  PROCESSES  IN  THE  MANUFACTURE  OF  IRON 

AND   STEEL. 

Except  incidentally  the  various  processes  for  the  manu- 
facture of  iron  which  were  in  use  in  the  early  ages  of  the 
world's  history,  as  well  as  in  more  recent  times,  have  not  been 
referred  to  in  the  preceding  pages.  Further  notice  of  some 
of  the  processes  that  were  successively  in  use  before  the  begin- 
ning of  the  present  century  seems,  however,  to  be  desirable, 
if  for  no  other  reason  than  to  show  how  rude  and  unproduc- 
tive those  processes  were  in  comparison  with  the  improved 
methods  which  are  now  in  use. 

Tlie  methods  of  manufacturing  iron  which  w^ere  in  use  in 
Asia  and  Africa  in  the  earliest  ages  were  few  in  number  and 
of  extreme  simplicity.  They  all  produced  wrought  iron  with 
the  aid  of  wood  or  charcoal  as  fuel,  although  steel  was  also 
produced  by  some  of  them.  One  of  these  processes,  still  ex- 
isting in  Burmah,  did  not  require  an  artificial  blast.  A  per- 
pendicular circular  excavation,  ten  or  twelve  feet  deep  and 
open  at  the  top,  was  made  in  the  side  of  a  bank  or  hillock, 
in  which  ore  and  fuel  were  placed  in  alternate  layers,  and  to 
which  the  necessary  draft  for  combustion  was  applied  through 
one  or  more  openings  near  the  bottom.  The  product  was 
a  lump,  or  bloom,  of  irpn.  Another  process  applied  an  arti- 
ficial blast  to  a  small  excavation  in  the  ground,  or  to  a  low 
fumade  built  of  clay  or  stone  and  standing  alone,  the  product 
being  also  a  lump  of  iron.  This  artificial  blast  was  supplied 
by  a  bellows  which  was  usually  made  of  goat  skins,  having 
a  nozzle,  or  tuyere,  of  bamboo  and  burnt  clay,  and  worked 
by  the  feet  or  hands.  It  is  an  interesting  scientific  fact  that 
the  bellows  and  its  tuyere,  or  nozzle,  both  of  which  in  some 
form  are  in  general  use  to-day  wherever  iron  is  made,  are 
not  only  of  prehistoric  origin  but  are  still  used  in  all  their 
primitive  simplicity  in  the  manufacture  of  iron.'  Goat- 
skin bellows  are  in  use  in  India  and  in  the  interior  of  Africa 
to-day  in  connection  with  small  furnaces.     In  some  parts  of 
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India,  and  in  China,  Japan,  Borneo,  and  Madngaacar,  blowing 
cylinders  of  wood  or  bamboo,  having  valve-s  and  pistons,  and 
worked  like  a  pump  by  manual  labor,  are  now  used,  and  were 
probably  used  in  remote  ages.  The  bloom  of  iron,  whether 
produced  by  natural  or  artificial  blast,  was  reheated  and  freed 
from  impurities  and  adhering  charcoal  by  repeated  hammer- 
ing, in  the  course  of  which  refining  operation  it  was  divided 
into  anitable  parts  for  practical  use.  The  fire  of  the  smith 
who  gave  to  the  iron  its  final  shape  was  supplied  with  a  goat- 
skin or  bamboo  blast.  The  ore  which  was  smelted  by  these 
primitive  processes  was  broken  into  small  pieces  and  other- 
wise carefully  prepared.  In  sonfe  parts  of  India  and  in  sev- 
eral other  Asiatic  countries  the  ore  was  magnetic  and  well 
adapted  by  its  purity  to  the  manufacture  of  steel. 

The  manner  in  which  the  air  was  expelled  from  the 
goat-akin  bellows  of  antiquity  doubtless  varied  in  different 
countries,  but  the  pressure  of  the  feet  of  one  workman  on 
two  such  bellows,  each  attached  to  a  nozzle,  or  tuyere,  was 
probably  the  method  in  most  general  use.  This  method  is 
still  used  in  Africa.  Wilkinson,  in  his  Manners  and  Customs 
of  the  Ancient  Egyptians,  quoted  by  Day,  mentions  bis  discov- 
ery at  Thebes,  on  the  walls  of  a  tomb  built  in  the  reign  of 
Thothmes  the  Third,  about  fifteen  centuries  before  the  Chris- 
tian era,  of  the  picture  of  an  Egj'ptian  furnace  and  bellows, 
with  two  workmen  engaged  in  expelling  with  their  feet  the 
air  from  as  many  pairs  of  bellows,  "consisting  of  flexible 
bags  formed  of  the  skins  of  animals,  and  each  provided  with 
a  cord  which  the  operator  holds  in  his  hands.  From  each  of 
these  flexible  bags  a  tube  proceeds  into  the  heap  of  fuel  anil 
ore,  and  tlie  blast  is  produced  by  the  operator  transferring  the 
weight  of  Inn  body  alternately  from  one  foot  to  the  otiier. 
The  bags  are  inflated  by  pulling  up  the  upper  part  by  the 
cord,  this  upper  part  having  a  hole  or  valve  therein  for  al- 
lowing the  air  to  enter,  and  which  is  closed  by  the  heel  of 
the  operator  on  his  again  transferring  bis  weight  to  it" 

At  a  later  period,  in  the  days  of  Ezekiel,  about  six  centu- 
ries before  Christ,  the  use  of  a  more  powerful  bellows  than 
that  above  described  is  clearly  implied.  In  the  22d  cliapter 
and  20th  verse  of  the  book  of  the  prophet  referred  to  we  read 
as  follows:   "As  tbey  gather  silver,  and  brass,  and  iron,  and 
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lead,  and  tin  into  the  midst  of  the  furnace,  to  blow  the  fire 
upon  it,  to  melt  it,  so  will  I  gather  you  in  mine  anger. and 
in  my  fury,  and  I  will  leave  you  there  and  melt  you.*' 

The  celebrated  Indian  steel,  or  wootz,  which  is  chiefly  used 
in  the  manufacture  of  sword  blades,  is  obtained  at  the  pres- 
ent time  by  remelting  pieces  of  native  iron  in  small  crucibles 
which  are  only  a  few  inches  high,  containing  finely-chopped 
wood,  the  crucibles  being  placed  in  a  furnace  heated  with  a 
blast  supplied  by  bellows  usually  made  of  goat  skins  or  bam- 
boo cylinders.  More  than  two  thousand  years  ago  the  proc- 
ess was  substantially  the  same  that  it  is  now.  It  is  described 
by  Aristotle,  who  lived  in  the  fourth  century  before  Christ. 

The  method  of  manufacturing  Indian  steel  in  the  Triclii- 
nopoly  district  in  India  in  our  day  is  fully  described  by  the 
East  Indian  Engineer  in  the  following  words,  which  plainly 
suggest  the  crucible  process  perfected  by  Huntsman. 

The  procoes  employed  is  very  simple.  Small  quantities  of  iron  are  en- 
doeed  in  a  small  earthen  crucible  with  a  few  pieces  of  the  wood  of  the  ava- 
ram  plant  and  two  or  three  green  leaves.  A  top  is  luted  on,  and,  when  dry, 
the  whole  is  exposed  to  the  heat  of  a  small  charcoal  furnace  till  the  iron  is 
melted,  a  flact  which  the  operator  ascertains  by  picking  up  the  crucibles  in  a 
long  pincer  and  shaking  them.  The  vessels  are  allowed  to  cool,  and  are 
then  broken  open,  w^hen  a  knob  of  steel  is  found  at  the  bottom.  Two  sizes 
of  ingots  are  made,  weighing  about  8  ounces  and  10§  ounces  respectively. 
The  crucibles  consist  of  a  mixture  of  red  earth  and  charcoal,  made  of  paddy 
husks,  kneaded  together.  The  lid  is  of  the  same  material  and  put  on  wet. 
It  appears  hardly  to  contract  at  all  in  drying,  and  a  fairly  air-tight  vessel  is 
consequently  produced.  The  clay  is  not  tiearly  refractor}^  enough  for  the 
heat  it  is  exposed  to,  as  the  crucibles  are  completely  vitrified  and  spoilt  at 
the  end  of  a  single  operation. 

The  iron  used  is  brought  from  the  Namakal  Taluk,  of  Salem,  and  ap- 
pears to  be  a  rough  description  of  wrought  iron.  For  the  smaller  size  of  in- 
got it  is  cut  into  pieces  weighing  as  nearly  as  possible  10  ounces,  (a  small 
piece  is  added  to  make  up  the  weight,  if  necessary,)  and  this  quantity  is 
placed  in  each  crucible  with  J  of  an  ounce  of  pieces  of  the  dry  wood  of  the 
avaram  plant.  Two  or  three  grt^en  leaves  (the  kind  is  a  matter  of  no  conse- 
quence) are  placed  on  the  top,  and  the  charge  is  closed  up  with  a  lump  of 
clay  carefully  plastered  all  round.  (Jreat  care  is  taken  in  putting  in  the  cor- 
rect proportions  of  iron  and  avaram  wood,  and  the  oi)enitor8  assert  that,  if 
less  is  used,  the  iron  is  not  melted,  and,  if  more,  it  will  not  stand  bein^z 
worked  afterwards.  The  green  leaves  probably  serve  in  some  way  toward 
retarding  the  drying  of  the  lid  and  preventing  it  from  cnicking. 

The  furnace  consists  of  an  inverted  cone  of  earthwork  about  two  feet  in 
diameter  and  the  same  in  depth,  the  apex  opening  into  an  ash-pit  below. 
At  one  side,  and  protected  from  the  heat  by  a  mud  wall,  is  a  small  shed  in 
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whurh  two  Viellowsmen  mi  and  work  a  coaple  of  ekin  bellows  meet  vigorous- 
ly. The  air  ia  admitted  into  the  fiimaee  through  a  hole  near  the  bottom. 
In  preporinj?  a  fumar-e  iK>me  fftraw  is  firrt  placed  at  the  bottom  below  the 
air-hole  and  chartroal  if*  then  thrown  in  to  a  suitable  height.  On  this  twen- 
ty-rtve  of  therse  conical  cruribles  are  placed  with  the  point  downward,  and, 
when  all  are  in  pofiition  they  appear  to  form  a  sort  of  circle,  and  to  be  inde- 
ji^-nflent  of  the  layer  of  charcoal  below.  More  charcoal  is  placed  above,  and 
the  fiimarre  is  then  lighteil  through  the  air-hole.  Fresh  fiiel  is  thrown  on 
alKive  from  time  to  time,  and  one  or  two  of  the  crucibles  are  occasionally 
lifte*l  with  long-handlerl  pincers  to  allow  the  burning  charcoal  to  fall 
through  and  replenish  the  supply  below.  The  straw  remains  untouched  by 
the  fire  throughout  the  process.  The  crucibles  are  given  a  sharp  shake  on 
thes^f  fKftisions,  which  is  said  to  assist  the  process,  and  towards  its  conclusion 
allows  of  the  operators  ascertaining  whether  the  iron  is  melted  or  not 

As  the  mouth  of  the  furnace  is  open,  the  waste  of  fuel  is  enormous.  Af- 
ter about  an  hour  or  an  hour  and  a  half  the  feel  of  a  crucible,  when  lifted, 
shr»wH  its  contents  to  be  liquid.  The  process  is  then  considered  to  be  com- 
j>leted,  and  the  cniciblcs  are  allowed  to  cool,  after  which  they  are  broken 
o|ir*n,  a  knob  of  steel  being  found  at  the  bottom  of  each.  The  ingots  are  re- 
heated and  hammered  into  oblong  pieces,  in  which  sha()e  they  are  sold.  All 
the  i-rucibles  do  not  remain  absolutely  air-tight  during  the  process,  the  lids 
Upcoming  cracked  without  affecting  the  result. 

The  methods  by  which  the  iron  pillar  of  Delhi  and  the 
heavy  iron  beams  of  Indian  temples  were  forged  will  probably 
always  remain  a  mystery.  Metallurgists  of  the  present  day 
are  certainly  unable  to  understand  how  these  large  masses  of 
iron  could  have  been  forged  by  a  people  who  do  not  appear 
to  have  possessed  any  of  the  mechanical  appliances  for  their 
manufacture  which  are  now  necessary  in  the  production  of 
similar  articles.     They  could  not  have  been  forged  by  hand. 

China  is  said  by  Day  to  have  made  steel  long  before  the 
Christian  era  by  the  method  revived  in  modern  times  of  im- 
mersing wrought  iron  in  a  bath  of  cast  iron,  which  modern 
method  has  been  perfected  in  the  open-hearth,  process. 

In  the  interesting  account  by  Dr.  Bell  of  a  Journey  from 
St.  Pdertfhury  to  Pekin  from  1719  to  1721,  from  which  we  have 
already  quoted,  we  find  an  allusion  to  cast  iron  in  China  at 
that  period  which  is  worthy  of  preservation,  as  it  seems  to  in- 
<li(*ate  that  the  Chinese  did  not  borrow  the  art  of  casting  iron 
from  the  Europeans.  Dr.  Bell  says :  "  My  landlord  being  in 
his  shop  I  paid  him  a  visit,  where  I  found  six  kettles  placed 
in  a  row  on  furnaces,  having  a  separate  opening  under  each  of 
them  for  receiving  the  fuel,  which  consisted  of  a  few  small 
sticks  and  straw.     On  his  pulling  a  thong  he  blew  a  pair  of 
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bellows,  which  made  all  his  kettles  boil  in  a  very  short  time. 
They  are  indeed  very  thin,  and  made  of  cast  iron,  being  ex- 
tremely smooth  both  within  and  without."  The  same  writer 
refers  as  follows  to  the  cannon  then  in  use  in  the  Chinese 
wall:  "While  we  stopped  at  one  of  the  gates  to  refresh  our- 
selves I  took  the  opportunity  to  walk  into  one  of  these  towers, 
where  I  saw  some  hundreds  of  old  iron  cannon  thrown  to- 
gether as  useless.  On  examination  I  found  them  to  be  com- 
posed of  three  or  four  pieces  of  hammered  iron,  joined,  and 
fastened  together  with  hoops  of  the  same  metal.  The  Chinese 
have,  however,  now  learned  to  cast  as  fine  brass  camion  as 
are  anywhere  to  be  found."  The  old  cannon  were  bombards. 
In  the  years  1881  to  1883  a  French  scientific  commission, 
inquiring  into  the  mineral  resources  of  Indo-China,  visited 
the  important  deposit  of  iron  ore  at  Pli'nom  Deck,  in  the 
province  of  Compong-Thom,  in  Cambodia.  The  manner  in 
which  this  ore  is  converted  into  iron  is  very  suggestive  of 
the  ancient  methods  which  have  been  briefly  described. 

The  native  Khouys  manufiactiire  a  small  quantity  of  extremely  i)iin^ 
iron,  for  which  there  is  a  great  demand ;  it  is  exported  to  considerable  dis- 
tances, and  serves  as  money  over  an  immense  area.  A  mixture  of  the  ores 
is  used,  the  chief  being  a  brown  hematite,  containing  under  40  per  cent,  of 
metallic  iron,  with  over  2  per  cent,  of  manganese,  and  associated  with  the 
surroimding  tuff.  The  metallurgy  is  divided  into  two  parts:  first,  the  fab- 
rication of  an  iron-sponge ;  and,  second,  the  elaboration  of  the  sponge  and 
its  transformation  into  small  hammered  bars.  The  sponge  is  made  in  a 
rectangular  furnace,  8  feet  by  3  feet,  and  10  inches  deep,  which  is  con- 
structed on  a  mass  of  earth  nearly  3  feet  abovfe  the  ground.  The  walls  and 
base  of  the  furnace  consist  of  refractory  earth,  mixed  with  very  fine  wliite 
sand.  The  charge  is  about  4  cwts.  of  mineral,  with  about  15  busheln  of 
charcoal,  in  thin  alternate  layers. 

The  operation  continues  slowly  for  eight  hours,  the  blast  being  dis- 
tributed from  a  great  nimiber  of  bamboo  tuyeres,  the  bellows,  of  curious 
construction,  being  made  of  buffalo  and  deer-skins;  afterwards  for  two  to. 
four  hours  the  blast  is  much  stronger.  During  the  operation  the  slag  is 
frequently  removed.  The  resulting  sponge  is  sold  to  the  native  forgen  to 
be  made  into  bars,  which  is  accomplished  by  a  laborious  and  primitive 
process.  The  bars  are  fiir  from  being  homogeneous,  some  i)arts  being  of 
a  steely  character  alternating  with  portions  of  sofl  iron.  The  bars  wcigli 
about  1  pound,  and  sell  through  Cambodia  and  Siam  at  prices  attaining 
the  rate  of  <£60  per  ton. 

A  recent  traveler  in  Corea,  C.  Illing,  describes  as  follows 
a  Corean  furnace  and  blowing  apparatus  of  the  present  day, 
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by  means  of  which  "  good  cast-iron  household  utensils  arf 
made"  and  "steel  is  produced  on  a  small  scale." 

The  author  was  unfortunately  unable  to  inepect  a  Coreaii  irooworkH  in 
operation.  An  old  abandoned  fiiniace  he  found,  on  measuring,  to  be  8  feet 
high.  At  top  it  had  an  elliptical  eection  4J  feet  long  and  2J  feet  wide,  whilst 
at  bottom  the  section  was  more  (.-innilBr  and  meaeured  16  inches  aeroes.  The 
blowing  engine  was  formed  of  a.  pit,  S  feet  long  and  15  inriieti  wide,  senii- 
dnrular  at  the  bottom.  Ite  walls  and  floor  were  rendered  air-tight  by  means 
of  bricks  and  clay,  carefully  smoothed.  In  its  centre  perpendiculw  t<)  its 
lonffitudinal  axis  there  wag  a  parting  wall,  and  on  this  was  the  axis  of  ro- 
tation of  a  horixontal  board  fitting  cloeely  to  the  walls.  This  boatd  was 
moved  up  and  down  like  a  eee-mw  by  two  workmen  with  their  feet,  where- 
by the  air  was  alternately  compressed  in  the  two  air-tight  quadrants  of  tlie 
pit,  and  a  continuous  current  was  produced,  which  passed  through  two  valves 
ojieniiig  outwards  into  the  pipe  leading  to  the  furnace.  The  iron  ore  was 
imelted  with  chan-oal  as  fiiel,  and  with  lime  as  flux,  and  the  white  pig  iron 
obtained  was  cast  in  day  moulds.  Lumps  of  pig  iron,  f<  inches  in  diameter, 
were  converted  into  malleable  irou  in  small  smithy  flres,  worked  with  a 
blast  similar  to  tliat  de«cril>ed,  and  from  this  iron  knives,  nails,  scythes,  etc., 
were  made  in  the  same  forge. 

In  the  official  catalogue  of  the  Japanese  section  of  the 
Centennial  Exhibition  held  at  Philadelphia  in  1876  tlie  "old 
method"  of  smelting  iron  iu  Japan,  which  still  exists  side  by 
side  with  modem  methods,  is  described  in  detail  as  follows: 

The  smelting  of  iron  by  tlie  old  method  is  ufTected  iu  small  iiimaces 
of  rectangular  section,  built  on  the  principle  of  tlie  nliietofai,  !2  to  15  feet 
high.  The  building  materials  are  fire-clay,  and  for  the  hearth  a  mixture  of 
fire  clay  and  charcoal  powder.  The  blast  is  produced  either  by  means  of  a 
pair  of  wooden  box-bellows,  moved  by  hand,  or  else  by  meanji  of  a  sort  of 
balance-bellows  of  {X'culiur  eonstruction.  The  magnetic  ore  is  fltst  calcined 
in  large  lumits  and  afterwards  broken  into  smaller  pieces  with  hand  ham- 
mers, then  smelted  with  or  without  flux. 

The  furnaces  for  smelting  the  iron-sand  are  of  a  potruliar  wnstniction. 
The  ground  is  dug  out  bo  as  to  form  a  pit  12  feet  by  15,  and  10  feet  deep, 
and  this  is  filled  up  to  a  depth  of  9  feet  with  hard  powdered  charcoal ;  then 
'comes  a  laye^  of  clay  and  sand,  which  is  dried  and  hardened  by  covering 
it  W'itb  charcoal  fire.  The  ashes  licing  taken  away,  the  pit  is  filled  up  with 
charcoal-powder,  and  the  surface  floated  witli  a  fire-proof  mixture.  Upon 
this  foundation  the  furnace  is  built,  il  feet  by  4  feet  at  the  basis,  and  4  feet 
high.  The  interior  resembles  to  a  great  extent  the  .well-known  Rochette 
furnace,  forming  a  wedge-like  hollow  space,  with  a  horizontal  section  of  6' 
in  length,  and  having  a  line  of  (weera  (5  with  the  abo\'e  dimension)  on 
each  of  tlie  long  Bide«.  When  the  smelting  begins  the  fiirnace  is  en- 
tirely filled  up  with  charcoal,  the  box-bellows  are  put  to  work,  and  12  hours 
later,  us  the  whole  muss  sinks  down,  iron-aand  and  charcoal  are  filled  i: 


The  smelting  laflts  two  days  ond  thn 


[his.    Uenerally  3,750  kilos  of  ir 
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sand  are  smelted  with  an  equal  weight  of  charcoal,  and  yield  45  per  cent  of 
pig  iron  and  1  per  cent,  of  steel  in  loops  or  blooms.  When  tlie  above-named 
quantity  has  been  smelted  the  liquid  iron  is  run  off,  and  as  soon  as  the  fur- 
nace is  cool  enough,  the  steel  loops  hanging  against  the  walls  are  broken 
off.  The  whole  process  lasts  about  8  days,  viz.,  2  days  for  buildmg  the  fur- 
nace, 3  days  for  smelting,  and  3  days  for  coating,  for  removing  the  steel, 
etc.,  and  for  cleaning  the  place  in  order  to  be  able  to  build  a  new  furnace. 

• 

The  "  balance-bellows  of  peculiar  construction  "  above  re- 
ferred to  are  very  similar  to  the  Corean  bellows  already  de- 
scribed. The  following  minute  description  of  the  Japanese 
balance-bellows,  taken  from  the  same  official  source  that  has 
already  been  mentioned,  will  possess  value  for  mechanical  en- 
gineers who  may  have  been  interested  in  the  Corean  bellows. 

Suppose  a  horizontal  cylinder  cut  by  two  planes  passing  through  the 
axis,  and  forming  between  them  an  angle  of  about  30° ;  two  opposite  sectors 
will  be  cut  out.  A  rectangular  plane,  equal  to  the  axial  section^  and  balanc- 
ing upon  the  axis  of  the  primary  cylinder,  would  fit  the  sides  of  the  box  in 
each  position,  and,  when  made  to  balance  alternately  from  one  side  to  the 
other,  would  act  like  the  piston  of  a  conunon  box-bellows.  According  to 
this  geometrical  principle,  the  box  of  the  bellows  is  composed  of  two  cylin- 
drical sectors,  and  the  balancing  plane  is  made  of  wooden  boards,  resting  by 
its'middle  line  upon  a  beam,  which  forms  the  central  edge  of  the  two  sectors 
(or  the  axis  of  the  aforesaid  imaginary'  cylinder).  The  compressed  air  from 
each  side  is  discharged  into  a  short  channel  cut  at  an  incline  of  45  degn^es 
into  this  beam,  in  the  centre  of  which  they  unite  into  a  main  outward  pas- 
sage for  the  blast.  At  the  place  where  these  two  oblique  channels  meet  to 
form  the  main  pipe,  a  flap- valve  is  placed,  which,  being  put  into  motion  by 
the  compressed  air,  closes  alternately,  either  of  the  two  short  channels  when- 
ever the  opposite  half  of  the  balance-piston  moves  down.  Two  flap-valves, 
fitted  each  to  one  side  of  the  piston,  allow  the  outer  air  to  enter  one  or  the 
other  half  of  the  bellows.  The  balancing  motion  of  the  piston  is  produced 
by  treading,  two  or  three  men  standing  on  each  end  of  this  blasting  ma- 
chinery . 

Mr.  David  Forbes,  F.  R.  S.,  wrote  in  the  Journal  of  the 
British  Iron  and  Steel  Institute  in  1872  :  "  From  information 
derived  from  Sir  John  Swinburne  it  appears  that  the  negro 
tribes  in  the  interior  of  Africa,  some  800  miles  from  Natal,  are 
extremely  expert  in  the  manufacture  of  wrought  iron,  which 
they  smelt  in  little  clay  furnaces  from  the  native  ores.  They 
sell  the  iron  thus  made,  which  is  said  to  be  extremely  good  in 
quality,  at  so  low  a  price  that  it  is  cheaper  than  that  which  is 
imported  by  the  settlers  at  the  gold  mines,  who  consequently 
employ  it  for  their  implements." 

The  primitive  processes  for  manufacturing  iron,  or  modi- 
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fications  of  them,  were  adopted  in  Europe  when  that  conti- 
nent commenced  to  make  iron.  The  manufacture  of  iron  in 
Belgium  and  England  without  the  aid  of  an  artificial  blast, 
about  the  time  of  Uie  Christian  era,  has  already  been  referred 
to.  It  is  not  known  whether  other  European  countries  ever 
made  iron  in  the  same  way.  At  Lustin,  in  Belgium,  between 
Namur  and  Dinant,  two  ancient  furnaces  or  bloomaries  were 
discovered  in  1870  on  the  top  of  a  hill,  with  iron  yet  remain- 
ing in  thera.  They  consisted  of  simple  oval  excavations  with 
rounded  bottoms  in  a  bed  of  clay,  each  12  feet  long  and  9  feet 
wide,  with  a  depth  in  the  middle  of  3  feet,  the  top  being  level 
with  the  surface  of  the  surrounding  soil.  A  channel  exca- 
vated in  the  clay,  but  covered  over  with  stones,  conducted  the 
wind  into  the  lower  portion  of  each  furnace.  The  opening 
of  tliis  channel  was  turned  in  the  direction  of  the  prevailing 
wind,  so  that  iron  could  only  have  been  made  on  windy  days. 
These  bloomaries  contained  lumps  of  crude  wrought  iron. 

The  English  antiquarian,  Thomas  Wright,  in  The  Celt,  the 
Roman,  and  the  Scuron,  quotes  from  Mr.  Bruce's  account  of  the 
Roman  wall  a  statement  conceniing  the  discovery  not  many 
years  ago  of  the  character  of  the  blast  used  in  "  the  furnaces 
of  the  extensive  Roman  iron  works"  in  the  neighborhood  of 
Epiaeum,  (Lanchester,)  in  England,  Mr.  Bruce  aays,:  "Two 
tunnels  had  been  formed  in  the  side  of  a  hill;  they  were  wide 
at  one  extremity,  but  tapered  ofE  to  a  narrow  bore  at  the 
other,  where  they  met  in  a  point.  The  mouths  of  the  chan- 
nels opened  toward  the  west,  from  which  quarter  a  prevalent 
wind  blows  in  this  valley,  and  sometimes  with  great  violence. 
The  blast  received  by  them  would,  when  the  wind  was  high, 
be  poured  witli  considerable  force  and  effect  upon  the  smelts 
ing  furnaces  at  the  extremity  of  the  tunnels."  In  a  foot-note 
Mr.  Wright  adds  the  following,  which  is  curiously  suggestive 
of  the  hot-blast :  "  We  are  told  by  the  early  Spanish  writers 
that  the  Peruvians  built  their  furnaces  for  smelting  silver  on 
eminences  where  the  air  was  freest ;  they  were  perforated  on 
all  sides  with  holes,  through  which  the  air  was  driven  when 
the  wind  blew,  which  was  the  only  time  when  the  work  could 
be  carried  on,  and  under  each  hole  was  made  a  projecti 
the  stonework,  on  which  was  laid  burning  coals  to  heat 
air  before  it  entered  the  furnace." 
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As  no  evidence  exists  that  iron  was  ever  made  by  the 
Romans  in  the  south  of  Europe  without  the  aid  of  an  aiti- 
ticial  blast,  it  may  be  fairly  assumed  that  the  Belgian  fuma- 
(.■es  above  described  and  the  methods  of  manufacture  in  Eng- 
land which  are  described  by  Mr.  Bruce  and  others  are  of  na- 
tive origin.  The  Romans  may  for  a  time  have  continued  the 
native  practice,  especially  as  the  manufacture  of  iron  in  both 
Belgium  and  Britain  would  be  mainly  confined  to  the  na- 
tive inhabitants,  but  long  before  their  withdrawal  from  these 
countries  in  the  fifth  century  the  superior  practice  of  Soutli- 
cm  Europe  would  be  generally  introduced. 

In  the  south  of  Europe  the  bellows  was  certainly  used  to 
produce  a  blast  long  before  the  Roman  invasion  of  Britain. 
Homer,  quoted  by  Fairbairn,"  represents  Hephaestus  as  throw- 
ing the  materials  from  which  the  shield  of  Achilles  was  to  be 
forged  into  a  furnace  urged  by  twenty  pairs  of  bellows."  The 
bellows  first  used  by  the  Greeks  were  probably  made  of  goat 
skins,  but  subsequently,  as  early  probably  as  the  time  of  Ho- 
mer, and  certainly  aa  early  as  the  third  century  before  Christ, 
larger  and  more  powerful  bellows  were  made  of  the  hides  of 
cattle,  and  larger  furnaces  or  blooniaries  were  erected.  These 
larger  bellows  were  the  same  in  principle  as  the  common 
blacksmith's  bellows  of  our  day,  and  they  would  be  used  by 
the  Greeks  and  Romans  in  smelting  the  ore  as  well  as  in  re- 
lining  and  shaping  the  iron.  Of  their  furnaces  and  forges  we 
know  but  little.  Virgil,  who  lived  in  the  first  century  before 
Christ,  gives  us  in  the  Fourth  Georgic  a  view  of  a  refinery 
forge  as  it  doubtl^a  existed  among  the  Romans  in  his  day. 

.\b  when  tbe  Cyclops,  at  th'  almiithty  no<l, 

N>w  tliimder  hasten  for  their  angry  i^iA. 

Subdued  in  Are  the  etuhbom  mola!  liee ; 

One  brawny  emith  the  puffing  liellows  pUes, 

And  draws  snd  IjIdws  reciprocating  air: 

Othere  to  ([uencb  the  hlBsin)!;  mow  pre[iare: 

With  lin«d  amiB  they  onier  every  lilow, 

And  rhime  their  Rounding  hamniera  in  a  row : 

With  labored  anvils  Etna  groans  l>elow. 

Strongly  they  strike:  huge  flakeH  of  fliuiiee  tixpira: 

With  tongB  they  turn  the  Hteel  and  vex  it  in  the  Are. 

Diodorus  of  Sicily,  quoted  by  Scrivenor,  mentions  the  iron 
ores  of  Elba, "which  the  natives  dig  and  cut  out  of  the  ground 
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to  melt,  in  order  for  the  making  of  iron,  much  of  whicli  metal 
is  in  this  sort  of  stone.  The  workmen  employed  first  cut  the 
stone  in  pieces,  and  then  melt  them  in  furnaces  built  and  pre- 
pared for  the  purpose.  In  these  furnaces  the  stones,  by  the 
violent  heat  of  the  fire,  are  melted  into  several  pieces  in  form 
like  great  sponges,  which  the  merchants  buy  by  truck  and 
exchange  of  other  wares,  and  export  them  to  Dicaearchea  and 
other  mart  towns.  Some  of  these  merchants  that  buy  of  these 
wares  cause  them  to  be  wrought  by  the  coppersmiths,  who 
beat  and  fashion  them  into  all  sorts  of  tools,  instruments, 
and  other  shapes  and  fancies ;  some  they  neatly  beat  into  the 
shape  of  birds,  others  into  spades,  hooks,  and  other  sorts  of 
utensils,  all  which  are  transported  and  carried  about  into  sev- 
eral parts  of  the  world  by  the  merchants.'^  This  account  was 
written  in  the  first  century  before  the  Christian  era. 

Pliny  describes  the  various  kinds  of  iron  and  steel  which 
were  in  use  in  his  day,  the  first  century  after  Christ,  but  gives 
us  little  insight  into  the  methods  by  which  they  were  pro- 
duced. In  the  following  vague  description  he  seems  to  have 
intended  to  show  that  both  iron  and  steel  were  made  in  the 
same  furnace.  He  says :  "  There  is  a  great  difference,  too,  in 
the  smelting ;  some  kinds  producing  knurrs  of  metal,  which 
are  especially  adapted  for  hardening  into  steel,  or  else,  pre- 
pared in  another  manner,  for  making  thick  anvils  or  lieads 
of  hammers.  But  the  main  difference  results  from  the  qual- 
ity of  the  water  into  which  the  red-hot  metal  is  plunged  from 
time  to  time.  The  water,  which  is  in  some  places  better  for 
this  purpose  than  in  others,  has  quite  ennobled  some  locali- 
ties for  the  excellence  of  their  iron,  Bilbilis,  for  example,  and 
Turiasso,  in  Spain,  and  Comum,  in  Italy,  and  this  although 
there  are  no  iron  mines  in  these  spots.  It  is  a  remarkable 
fact  that  when  the  ore  is  fused  the  metal  becomes  liquefied 
like  water,  and  afterwards  acquires  a  spongy,  brittle  texture. 
It  is  the  practice  to  quench  the  smaller  articles  made  of  iron 
with  oil,  lest  by  being  hardened  in  water  they  should  be  ren- 
dered brittle.  Iron  which  has  been  acted  upon  by  fire  is 
spoiled  unless  it  is  forged  with  the  liammer.  It  is  not  in  a 
fit  state  for  being  hammered  when  it  is  red  hot,  nor,  indeed, 
until  it  has  begun  to  assume  a  white  heat.''  The  foregoing  is 
a  condensation  of  Pliny's  full  text,  to  be  found  in  Scrivenor. 
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The  reference  in  Diodorus  to  iron  made  in  the  form  of 
"great  sj)onges,"  and  later  in  Pliny  to  iron  of  "a  spongy, 
brittle  texture/'  suggests  the  Catalan,  or  the  direct,  process 
*of  manufacture.  In  describing  the  Biscayan  ferrerias^  which 
were  nothing  but  Catalan  forges,  M.  Pourcel,  from  whom  we 
have  already  quoted,  says :  "  It  is  quite  evident  that  iron 
obtained  in  the  form  of  spongy  masses  from  an  ore  almost 
chemically  pure,  with  a  fuel  free  from  sulphur,  is,  by  its  mo- 
lecular constitution  as  much  as  by  its  chemical  composition, 
an  essentially  malleable  metal,  and  capable  of  being  kneaded, 
if  the  expression  may  be  used,  when  hot/' 

In  Spain,  as  we  have  seen,  iron  and  steel  were  made 
many  centuries  before  Pliny's  time,  the  Catalan  forge,  or  a 
modification  of  it,  being  used,  and  the  product  being  either 
wrought  iron  or  steel.  The  Catalan  forge  differed  in  no  es- 
sential particular  from  the  ordinary  fire  of  a  blacksmith,  ex- 
.  cept  that  it  had  a  sunken  hearth,  or  crucible.  The  Corsican 
forge,  which  also  existed  before  the  Christian  era,  was  a  modi- 
fication of  the  Catalan  forge.  The  blast  for  these  forges  is 
presumed  to  have  been  primarily  furnished  by  bellows  made 
of  goat  skins  or  the  skins  of  other  small  animals,  but  lar- 
ger Grecian  arid  Roman  bellows  were  afterwards  substituted. 
Bauerman,  in  his  Treatise  an  the  Metalhirgy  of  Iron,  cites  Fran- 
quoy  as  authority  for  the  statement  that  bellows  with  valves, 
"  single  acting  and  made  of  leather,"  were  introduced  by  the 
Romans  into  Gaul  in  the  fourth  century  of  the  Christian  era. 

Percy  copies  the  following  description  of  an  old  Catalan 
forge  in  Spain :  "  In  1823,  at  Bielsa,  in  Aragon,  in  the  Span- 
ish Pyrenees,  some  charcoal  burners  discovered  in  a  forest  of 
silver  firs  a  small  circular  iron  furnace  only  2  feet  and  1.59 
inches  high.  The  lower  part  or  hearth  was  cylindrical  up  to 
the  height  of  about  11.81  inches  and  then  terminated  in  an 
inverted  truncated  cone ;  its  diameter  was  14.25  inches  at  the 
lower  and  1.69  inches  at  the  upper  part;  it  had  two  tuyere 
beds  at  11.81  inches  from  the  bottom.  Nciir  the  furnace  were 
found  two  crude  lumps  of  iron  in  the  state  in  which  they 
appeared  to  have  been  taken  out,  and  which  weighed  from 
30.9  pounds  to  35.3  pounds.  According  to  tradition  the  blast 
in  these  furnaces  was  produced  with  bellows  of  skin  worked 
by  hand.    Accumulations  of  ancient  slags  are  met  with  at 
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high  elevations  in  the  Pyrenees,  far  from  any  water-course, 
and  which  doubtless  were  urged  by  a  blast  produced  by 
manual  labor."  Scrivenor  mentions  portable  forges  in  ancient 
France,  and  we  have  already  referred  to  the  movable  forges' 
of  the  Forest  of  Dean.  These  references  suggest  the  portable 
blacksmith's  forge  of  the  present  day. 

M,  Pourc^i  makes  the  following  reference  to  the  direct 
process  in  use  in  Biscay:  "Tlie  ore  was  treated  in  hearths, 
sometimes  hollowed  out  alongside  of  the  mine  itself,  but  more 
frequently  established  in  the  middle  of  the  forests  which  sup- 
plied the  charcoal  and  on  the  banks  of  streams.  The  traces 
of  the  old  fvrrerias,  which  are  still  met  with  in  considerable 
numbers,  situated  in  the  mountains,  near  the  mine?,  from 
which  tlie  timber  has  disappeared,  on  the  banks  of  small  tor- 
rents, and  amongst  heaps  of  slag,  remain  the  witnesses  of  the 
old  iron  industry  of  Biscay.  The  work  was  carried  on  almost 
entirely  by  manual  labor,  and  without  doubt  pretty  nearly  in  . 
the  same  fashion  as  among  the  Kabyles  of  the  present  day." 

Much  light  ia  thrown  upon  the  methods  of  manufacturing 
iron  which  prevailed  in  the  south  o£  Europe  at  the  beginning 
of  the  Christian  era  by  the  discovery  in  1870  of  two  ancient 
bloomaries  or  melting  hearths  in  the  vicinity  of  Iliittenberg, 
in  Carinthia,  on  the  Hiittenberg  Railway.  The  place  where 
these  hearths  were  found  ia  embraced  within  the  limits  of 
the  ancient  province  of  Noricum.  Maw  and  Dredge  describe 
the  hearths  as  follows : 

In  the  year  1870  a  most  intcreetin);  dincovery  was  made  during  the 
conBtnicUon  of  the  Hiittenberg  Bailway.  In  a  cutting  a  set  of  iron  melt- 
ing-hearths of  Roman  and  C«ltJc  times  wus  found  II  feet  below  the  present 
earface  of  the  ground.  These  heortha  consist  of  two  holes  or  ditches,  the 
upper  one  being  euppo^d  to  hB\-e  sen'ed  as  a  calcining  kiln,  whilst  the 
lower  one  represents  the  smelting;  fUmace  pro{<er.  Theee  hearths  were 
found  near  the  mines  of  Bpathic  ore  in  the  neighborhood  of  HTitteDbei^. 

The  calcining  hearth  is  Rtted  with  a  layer  of  charcoal  l\  inches  thick, 
upon  which  a  10-inch  layer  of  clay  fomis  the  inside  lining  of  the  hearth. 
This  lining  was  found  burnt  by  the  action  of  the  calcining  Are  to  a  deptb 
of  4  inches.  The  depth  of  the  hearth  is  2  feet,  and  its  diameter  5  fceU 
The  second  or  smelting  hearth  is  placed  at  u  distance  of  111  feet  from  the 
fonner,  and  is  3  feet  deep  and  4  feet  wide.  The  lining  connistn  of  a  layer 
of  6-imrb  clay,  upon  which  a  fire-brit^k  mass,  consisting  of  clay  and  qtiarta, 
is  uniformly  spread  lo  n  thickness  of  12  inches.  This  lining  is  burnt  and 
^zed  lo  a  depth  of  3  inches  at  the  inner  side,  thus  recording  the  higher 
temperature  in  this  hearth  'hiring  the  smelting  o[x.-rHtiou. 
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Both  lieartbH  aie  filled  with  dtbrin  nf  bamt  clay  and  slug  crumbled 
down  from  the  wallfl  of  the  hearlhe,  which  seem  to  have  been  raised  one 
foot  above  the  Buriace  of  the  ground.  The  BpBi.t  between  the  two  heartliB 
u  paved  with  etonej.  The  slag  cantainx  many  unburat  pieces  of  charcoal. 
The  onalysie  of  the  elag  hae  proved  that  the  yield  of  the  spathic  ore  in  use, 
containing  from  aO  to  60  i>er  cent,  of  iron,  was  only  15  to  20  per  cent.  The 
blast  deems  to  have  been  lumisbed  by  l>dlowB  from  llie  top  of  the  furna- 
ces.   A  Roman  cornice  has  been  found  near  the  nme!ting  hearth. 

These  diBcoTerlea  point  out  a  very  primitive  procww  afl  compared  with 
our  preeent  means  of  iron  smelting ;  bat  centuries  vaniehed  before  any  real 
improvements  were  introduced.  Neverthelete  we  And  that  the  preparatory' 
calcinaljon  of  the  ore  previous  to  its  being  introduced  in  the  smelting  fur- 
nace JB  a  very  ancient  mode  of  economizing  labor  and  fuel. 

An  analysis  of  the  piece  of  iron  found  under  the  Egyptian 
obelisk  which  was  removed  in  1880  to  New  York  shows  that 
it  must  have  been  made  by  the  direct  process,  and  probably 
in  a  Catalan  forge.  The  analysis,  which  was  made  for  Mr.  A. 
L.  HoUcy  by  Dr.  Auguat  Wendel,  of  Troy,  is  here  preserved. 
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Mr.  llolley  says  tliat  a  clean  fracture  of  the  iron  was  sim- 
ilar to  that  of  puddled  steel,  and  mentions  the  further  fact 
that  the  small  amount  of  slag,  as  well  as  the  fine  fracture, 
indicates  frequent  reworking. 

It  is  not  definitely  known  whether  any  of  the  nations  of 
remote  antiquity  were  famihar  with  tlie  use  of  coal,  but  there 
is  some  evidence  to  show  that  it  was  known  in  the  days  of 
the  Greeks  and  Romans.  Rev.  Joseph  Hurst,  of  Wadhurst, 
England,  iu  an  address  read  at  the  meeting  of  the  Royal 
Archarological  Institute  of  Great  Britain  and  Ireland  at  New- 
castle, in  August,  1884,  says  :  "  That  the  ancient  Greeks  were 
acquainted  with  stone  coal  is  evident  from  the  words  of  The- 
ophrastus,  an  author  who  lived  three  hundred  years  before 
Christ  (de  Lajndibiis,  N.  16)  :  'The  coal  commonly  so-called, 
which  is  dug  out  of  the  earth  for  man's  use,  is  of  an  earthy 
(or  stoney)  nature  ;  it  is  kindled  and  burnt  like  coal  (charcoal). 
Of  tliis  (stone)  coal  workers  in  iron  make  use.'     Solinus  has 
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also  been  quoted  for  the  use  of  stone-coal  amongst  the  Greeks, 
and  if  the  red-hot  stones  which,  according  to  Pliny,  were  used 
by  the  Gauls  for  smelting  copper  were  nothing  more  than 
stone-coal  their  efficacy  would  perhaps  be  rendered  more  in- 
telligible to  modern  men  of  science."  The  quotation  from 
Theophrastus  does  not  inform  us  in  what  countn^  coal  was 
found  in  his  day. 

The  compiler  of  the  paper  on  iron  in  Johnson^s  Cyclopoedia 
says  of  the  Chalibees,  who  inhabited  a  part  of  the  country 
south  of  the  Black  sea,  that  they  "  first  used  coal."  He  forti- 
fies this  statement  in  the  following  words :  "  Their  iron  was 
made,  according  to  Aristotle,  (322  b.  c.,)  from  sand  ore  dug 
from  river  banks,  washed,  and  put  into  the  furnace  along  with 
the  stone  pyrimachus,  {fire-malcer^  that  is,  coal."  There  is  coal 
on  the  southern  shores  of  the  Black  sea,  between  the  ports 
of  Heraclea  and  Bardin,  which  is  now  mined  in  considerable 
quantities,  but  it  is  not  probable  that,  if  the  above  inference 
from  the  statement  of  Aristotle  be  correct,  the  Chalibees  ob- 
tained their  supply  from  this  source.  Nor  would  they  have 
been  likely  to  smelt  magnetic  sand  with  bituminous  coal. 

The  use  of  bituminous  coal,  or  pit-coal,  by  the  Romans 
during  tlieir  occupation  of  Britain,  which  terminated  in  the 
year  411,  is  claimed,  but  this  use  must  have  been  very  lim- 
ited. Mr.  Meade  notes  the  use  of  coal  in  England  in  Anglo- 
Saxon  times.  He  says :  "  As  early  as  the  year  852  there  is  a 
record  of  the  abbey  of  Peterboro'  receiving  twelve  cart-loads 
of  fossil  or  pit  coal."  Mr.  Macadam  says  that  "coal  was 
early  known  in  Scotland,"  and  he  refers  to  a  charter  granted 
in  1291  to  the  abbot  and  convent  of  Diuifermline,  giving  them 
the  privilege  of  digging  coal.  In  the  thirteentli  century  coal 
was  sent  to  London  from  Newcastle  bv  sea ;  hence  the  name 
which  is  still  in  use,  sea-coal.  The  Sorbs  and  Wends,  na- 
tive inhabitants  of  the  district  of  Zwickau,  in  Saxony,  are 
said  bv  Herr  Pechar  to  have  been  familiar  with  the  use  of 
coal  probably  as  early  as  the  tenth  century.  Dr.  Wedding 
states  that  "an  insignificant  consumption  of  coal  in  Germa- 
ny for  domestic  purposes  and  brick  and  glass  works  can  be 
traced  with  certainty  as  far  back  as  the  beginning  of  the  four- 
teenth century."  The  begiiming  of  coal  mining  in  Belgium 
is  said  by  Pechar  to  date  as  far  back  as  the  twelfth  century. 
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With  the  exception  of  the  Indian  and  Chinese  methods  of 
making  steel  the  ancient  processes  which  have  been  referred 
to  were  all  direct  processes,  the  iron  or  steel  being  obtained 
directly  from  the  ore.  The  furnaces,  whether  large  or  small, 
were  all  bloomaries,  because  the  product  derived  from  the 
heated  or^  was  obtained  in  the  form  of  a  lump  or  bloom  of 
malleable  iron  or  steel.  If  cast  iron  was  sometimes  obtained 
by  the  Mediterranean  nations,  or  by  Asiatic  and  African 
ironworkers,  little  evidence  exists  that  it  was  run  into  moulds 
for  tlie  production  of  useful  or  ornamental  castings.  The 
weakness  of  the  blast  furnished  by  goat  skins,  bamboo,  or  the 
early  leather  bellows  renders  it  highly  improbable  that  cast 
iron  was  obtained  by  any  of  the  more  ancient  processes.  As 
we  approach  the  Christian  era  the  evidence  of  its  existence 
increases. 

Aristotle,  who  lived  in  the  fourth  century  before  Christ, 
has  left  an  account  of  the  manner  in  which  the  Greeks  of 
his  day  converted  wrought  iron  into  steel,  which  furnishes 
some  evidence  that  they  were  also  familiar  with  cast  iron. 
He  is  quoted  by  Day  as  follows :  "  Wrought  iron  itself  may 
be  cast  so  as  to  be  made  liquid  and  to  harden  again;  and 
thus  it  is  they  are  wont  to  make  steel ;  for  the  scoria  of  iron 
subsides  and  is  purged  off  by  the  bottom ;  and  when  it  is 
often  defecated  and  made  clean  this  is  steel.  But  this  they 
do  not  often  because  of  the  great  wasto  and  because  it  loses 
much  weight  in  refining ;  but  iron  is  so  much  the  more  excel- 
lent the  less  recrement  it  has."  The  quotation  from  Pliny  on 
a  preceding  page  contains  the  most  direct  evidence  we  have 
of  the  making  of  cast  iron  by  the  Romans.  It  has  been  sug- 
gested that  the  battering-ram  could  only  have  been  made  of 
cast  iron,  but  if  so  made  could  it  have  withstood  the  severe 
shocks  to  which  it  was  subjected  ? 

But,  if  the  Mediterranean  nations,  and  particularly  the 
Greeks  and  Romans,  knew  how  to  make  and  utilize  cast  iron, 
this  knowledge  virtually  became  one  of  the  lost  arts,  for  tliere 
is  no  authentic  mention  of  cast  iron  having  been  made  in  the 
northern  and  western  parts  of  Europe  until  about  six  centu- 
ries ago,  and  if  the  Chinese,  the  Japanese,  and  the  people  of 
India  ever  possessed  the  art  they  kept  it  to  themselves  and 
made  but  little  use  of  it. 
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CHAPTER  VIII. 


MEDIEVAL  AND  EARLY  MODERN  PROCESSES  IN  THE  \ 
MANUFACTURE  OF  IRON  AND  STEEI^ 


From  the  first  to  the  eighth  century  of  the  Christian 
era  the  history  of  the  manufacture  of  iron  in  all  European 
countries  is  greatly  obscured,  and  the  processes  which  were 
in  operation  can  not  be  described.  In  Asia  and  Africa  the 
art  had  previously  received  less  and  leas  attention  througli  the 
gradual  transfer  of  political  power  and  of  civilization  to  the 
northern  shores  of  the  Mediterranean.  But  Greece,  which 
had  acquired  much  of  this  power  and  had  absorbed  most 
of  this  civilixation,  had  in  turn  aurreudcred  her  leadership  to 
Rome,  and  in  the  fiftli  century  aft«r  Christ  Home  herself  fell 
before  the  northern  barbarians.  Except  in  Spain,  where  the 
Visigoths  established  a  powerful  empire  in  the  fiftli  centurj', 
under  which  tlie  arts  of  ancient  civilization  were  encouraged, 
tlie  iron  industry  is  nowhere  througliout  Europe  knon-n  to 
have  flourished  from  the  time  when  Rome  commenced  her 
final  struggle  with  the  northern  invwlers  down  to  about  the 
l>egiiming  of  the  eighth  century.  At  this  time  we  begin  lo 
hear  of  the  iron  industry  taking  a  fresh  start  in  many  Euro- 
[>oan  countries,  experiencing  what  in  modem  phrase  we  term 
a  revival.  And  with  tliia  revival  we  hoar  authentically  for 
the  first  time  of  the  wolf  furnace,  or  sfiicko/en,  in  Austria, 
Bohemia,  Germany,  Belgium,  and  other  Continental  countries. 
In  an  address  delivered  at  Lif'ge,  Belgium,  in  1883,  M,  Ed,  de 
Ijaveleye,  of  that  city,  said  that,  "  in  the  eighth  century,  un- 
der Charlemagne,  appeared  the  furnace  ealkid  the  foumeau  & 
moMc,  or  stucko/m,  which  was  liigher  than  the  old  furnaces, 
and  thus  allowed  a  grcolor  concentration  of  heat." 

The  wolf  furnace,  or  stiicko/en,  was  a  high  hluomary,  oinl 
was  simply   an  enlargonicnt  of  Uio  primitive  low  hlooma-l 
ri«s  or  forges.    Percy  says  lliat  the  efiiciofrn  "  is  only  a  Cata- 1 
lau  funiftce  txtcudwl  upwards  in  the  form  of  a  quadrangularj 
or  circolar  shaft.     The  Germans  val\  it  »tack  or  iml/'a  o/tm 
because  the  large  metallic  magu  which  is  cxtraclcd  from  tbw 
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bottom  is  termed  stiick  or  tool/."  The  word  bloom  fully  ex- 
presses tlie  English  equivalent  of  both  words.  The  word  loup, 
or  loop,  which  is  applied  to  a  lump  of  imperfectly  worked 
iron,  is  identical  with  the  terms  stiick  and  too!/,  being  derived 
from  the  French  word  loup,  signifying  wolf.  Overman  says 
that  wolf  furnaces,  or  bloomaries,  of  wiiich  there  yet  remain  a 
few  in  Hungary  and  Spain,  are  generally  from  10  to  16  feet 
high,  2  feet  wide  at  the  top  and  bottom,  and  about  5  feet  wide 
at  the  widest  part.  The  early  wolf  furnaces  were  not  more 
than  10  feet  liigh.  An  opening  in  tlie  front,  about  2  feet 
square,  called  the  breast,  was  kept  open  until  the  furnace  was 
heated,  when,  coiucidently  with  the  closing  of  the  breast  with 
brick,  the  ore  and  charcoal  were  tlirowii  into  the  furnace  and 
the  blast  was  applied  from  "  at  least  two  bellows  and  nozzles, 
both  on  the  same  side."  The  product  was  a  mass,  or  sala- 
mander, of  mixed  iron  and  ateel,  which  was  taken  out  of  the 
breast  and  reduced  under  the  tilt-hammer  to  blooms,  and  vm- 
der  smaller  hammers  to  bars  and  other  forms.  The  salaman- 
der, which  usually  weighed  from  400  to  700  pounds,  was  first 
cut  into  two  nearly  equal  parts,  which  were  called  atncke.  At 
E^senerz,  in  Austria,  iis  staled  by  Jars,  quoted  by  Percy,  "  the 
lump  was  first  cut  half  through  in  the  centre  with  hatchets 
by  two  men,  each  having  one.  It  was  afterwards  completely 
divided  by  means  of  wedges  and  large  hanmiers."  The  an- 
nual production  of  a  wolf  furnace  was  from  100  to  150  tons. 
Overman  further  sjiys :  "  By  this  method  good  iron  as  well  as 
steel  is  always  furuisheil ;  in  fimt  the  salamander  consists  of 
a  mixture  of  iron  and  ateel ;  of  the  latter  skillful  workmen 
may  save  a  considerable  amount.  The  blooms  are  a  mixture 
of  fibrous  iron,  steel,  and  cast  iron.  The  latter  flows  into  the 
bottom  of  tlie  forge  fire,  in  which  tlie  blooms  are  reheated, 
and  is  then  converted  into  bar  iron  by  the  same  method 
a<lopted  to  convert  common  pig  iron.  If  tlie  steel  is  not 
sufficiently  separated  it  is  worked  along  with  the  iron."  At 
Soiling,  in  Carinthia,  a  wolf  furnace  was  built  in  1775  which 
was  provided  with  two  common  bellows  worked  by  water- 
wheels,  each  bellows  being  8  feet  long  and  3f  feet  broad. 

While  there  can  be  no  doubt  that  the  earliest  wolf  fur- 
naces were  blown  with  leather  bellows  it  is  not  known  when 
water-jiower  was  first  used  in  producing  the  blast  and  in  oper- 
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ating  the  hammers.  Water-power  for  grinding  grain  is  said 
by  Knight,  in  his  Mechanical  Dictionary,  to  have  been  used 
about  the  beginning  of  the  Christian  era.  In  Agricola's  De 
Be  Metallica,  printed  at  Basle  in  1556,  are  numerous  engrav- 
ings which  show  that  large  tilt-hammers  and  lejither  bellows, 
operated  by  water-power,  were  used  in  the  manufacture  of  iron 
and  steel  in  Saxony  at  that  time.  In  Flower's  History  of  fhe 
Trade  in  Tin  will  be  found  two  very  interesting  illustrations 
of  the  manner  in  which  tlie  bellows  and  tilt-hammer  were 
operated  by  water-power  in  France  in  1714.  Prior  to  the  in- 
troduction of  water-power  bellows  were  doubtless  wholly  op- 
erated by  the  feet  or  liands. 

The  Osmund  furnace,  which  is  said  by  Percy  to  have  been 
intermediate  between  the  Catalan  forge  and  the  aiiwho/en,  but 
which  had  a  much  wider  mouth  than  the  Biiichofen,  was  for- 
merly in  use  in  Northern  Europe,  principally  for  smelting 
bog  or  lake  ore,  and  was  lately  in  use  in  Finland.  It  is  said 
by  Karsten,  in  his  Gnmdriss  der  MetaJiuryie,  printed  at  Bres- 
lau  in  1818,  to  have  been  in  use  in  Norway  and  Sweden  at 
that  date,  but  its  use  in  these  countries  has  now  been  aban- 
doned. It  derived  its  name  from  the  Swedish  word  osmvnd, 
"which  was  applied  to  the  bloom  produced  in  this  kind  of 
furnace."  Percy  reproduces  from  Swedish  sources  two  draw- 
ings of  an  Osmund  furnace,  from  wliich  it  would  appear  that 
it  was  about  7  feet  high,  rectangular  in  shape,  with  an  open- 
ing or  breast  near  the  bottom  similar  to  that  of  the  stilckofen, 
and  was  blown  through  one  tuyere  with  two  ordinary  black- 
smith's bellows,  worked  with  treadles  by  a  woman's  feet.  The 
ore  used  in  Sweden  was  first  calcined  before  being  placed  in 
the  furnace,  wooil  being  u.sed  for  calcining  and  charcoal  for 
smelting.  The  product  was  good  malleable  iron,  which  was 
taken  out  of  the  breast  in  a  lump,  or  mmiimi.  Not  more  than 
H  tons  of  iron  could  be  produced  in  this  furnace  in  a  week. 

Percy  says :  "  The  transition  from  the  old  bloomary  to 
the  modern  blfist  furnace  was  very  gradual,  and  the  stilclco/en 
ia  the  final  development  of  the  furnaces  in  which  iron  in 
the  malleable  state  was  produced  direct  from  the  ore.  By  in- 
creasing the  dimensions  of  the  stucko/en,  especially  its  height, 
the  conditions  favorable  to  tlie  formation  of  cast  iron  are  ob- 
tained ;  and,  indeed,  in  the  stiicko/en  cast  iron  was  generally, 
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if  not  always,  produced  in  greater  or  leas  degree,  to  the  annoy- 
ance of  the  smelter." 

Percy  further  says  that  the  stucko/en  was  gradually  super- 
seded by  tlie  blast  funuvce,  the  first  furnace  wliich  replaced 
the  stwJiofen  being  the  blaiu>/en,  or  blue  oven.  He  says  that 
"originally  there  was  no  essential  difference  between  them, 
these  names  being  applied  according  to  the  nature  of  the 
metfd  which  tJiey  yielded,  and  not  in  consequence  of  dif- 
ference of  construction,"  malleable  iron  being  obtained  with 
much  less  charcoal  than  was  used  when  cast  iron  was  desired, 
"  When  the  bluuo/en  was  used  as  a  stiickofen  it  was  only  neces- 
sary to  make  an  opening  in  tlie  fore  part  of  the  hearth  large 
enough  for  the  extraction  of  the  lump.  One  essential  condi- 
tion in  working  tlie  furnace  as  a  stuckofKn,  was  to  fiUow  the 
slag  free  escape  during  the  process,  ao  that  the  lump  of  iron 
accumulating  m  the  hearth  might  never  he  covered  with 
slag,  and  so  be  protected  from  the  action  of  the  blast."  The 
hlaitofen.  which  is  not  entirely  extinct  on  the  Continent,  dates 
from  about  the  beginning  of  the  fourteenth  century.  The 
fliimofen  was  substantially  the  same  furnace  as  the  blauo/en. 
Blast  furnace  may  properly  be  substituted  for  either  term,  al- 
though the  phrase  blast  furnace  means,  strictly  speaking,  the 
fully  developed  blauo/eti  or  Jlusso/m.  Hocho/m  was  another 
German  name  which  was  applied  to  the  blast  furnace,  and  it 
ia  still  retained.  Karsten  says  that  in  1818  the  stilckofen  was 
no  longer  used  in  Germany,  except  at  Schmalkalden,  which 
is  a  town  in  Prussia.  He  says,  however,  that  many  etikJwfen 
were  then  in  use  in  Hungary, 

It  has  been  stated  in  a  preceding  chapter  that  the  blast 
furnace  originated  in  the  Rhine  provinces  about  the  begin- 
ning of  the  fourteenth  century.  We  are  unable  to  trace  its 
existence  to  an  earlier  date  than  1340,  when  the  furnace  at 
Marche  les  Dames  in  Belgium  was  built.  It  was  many  years, 
however,  before  the  blast  furnace  was  generally  introduced 
on  the  Continent  or  in  England.  It  was  probably  not  intro- 
duced into  Saxony  until  1550.  Agricola,  who  was  a  native 
of  Saxony,  does  not  describe  it  in  his  valuable  work,  which 
was  first  printed  in  1530,  but  he  describes  the  stucko/en  and 
the  forges  for  refining  iron  and  pro<lucing  steel.  Percy  says 
that  Agricola  "  appears   to  have  been   acquainted  witli  cast 
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iron,"  but  this,  as  has  already  been  sliowii,  couW  Iiave  bet 
produced  by  the  etiicko/m. 

The  Continental  nations  of  Europe  are  entitled  to  i 
credit  of  having  fully  developed  the  blast  funiaco  from  tbi 
primitive  method  of  jiroducing  iron  in  the  blooman-  or  ( 
alan  foi^e.  The  virtual  perfection  of  the  bkat  furnace  byl 
the  Germans,  tlie  Belgians,  and  the  Fronuh  in  the  fifteenth  J 
and  sixteenth  centuries  marked  a  great  advance  in  t)ie  art  c 
manufacturing  iron,  and  greatly  enlai^ed  the  uses  to  whid 
iron  could  be  applied.  The  nations  which  have  been  mei 
tioned  were  also  the  first  among  modem  nations  to  cast  i 
in  moulds,  the  Germans  and  French  being  especially  noted  i 
an  early  day  for  the  artistic  excellence  of  Iheir  iron  casting 

The  Catalan  forge,  with  its  modifications,  contiimed  to  b 
used  during  the  period  covered  by  the  devolopmenl  of  ) 
blast  furnace,  and,  as  lias  already  been  said,  it  is  still  in  i 
in  many  countries,  being  especially  adapted  to  the  convei^ 
sion  of  pure  ores  into  malleable  iron  of  superior  quality, 
modification  of  the  Catalan  forge,  called  the  German  bloon] 
ary,  consisting  more,  however,  in  tlie  treatment  of  the  oi^ 
than  in  the  construction  of  the  heartli  and  its  connectioni 
was  long  very  popular  in  Gcnnany  and  the  United  Slat« 
but  it  has  now  been  almost  entirely  abandoned  in  both  th« 
countries.  After  the  commencement  of  ilie  manufacture  c 
cast  or  pig  iron  forges  suited  to  the  conversion  of  this  pr< 
uct  into  wrought  iron  became  necessary,  but  thcv  did 
differ  in  any  essential  details  of  construction  or  appUcatioi 
from  the  Catalan  forge  and  tlic  n-finery  forges  which  had  pr 
viously  been  found  ueceeaary  in  connection  with  the  Mch. 
Refinery  forges  have  sometimes  been  called  bloomnries,  I 
cause  pig  iron  is  by  them  first  reduced  to  a  bloom  before  it  9 
still  further  refined;  but  properly  speaking  a  bloomary  is  J 
forge  that  converts  iron  ore  into  wrought  iron  by  tlie  din 
process.  The  word  bloomary  is  of  Anglo-Saxon  origin,  I 
Aiigto-Sftxon  word  Wom/t,  from  which  it  is  derived,  meantijll 
A  mnsK,  or  hmip.  In  /tumimUiy-Boulc  the  expre-ssion,  Woi 
/trri,  occurs  several  times. 

lu  Till-  F'irrM  nf  Iknin  Nicholls  qnotes  a  most  intereetii 
description  of  the  blast  fumaeee  and  relinerj'  forges  of  1 
lau<1  in  the  tatter  part  of  the  seventeenth  century.     It  I 
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already  been  mentioned  that  the  blast,  furnace  was  introdueetl 
into  England  from  the  Continent  about  the  beginning  of  tlie 
fifteenth  century.  The  author,  after  recording  events  which 
occurred  on  April  27,  1680,  a  little  more  than  two  hundrtnl 
years  ago.  says;  "The  mode  then  in  use  of  operating  upon 
the  iron  ore  as  described  in  manuscript  by  Dr.  Parsons  will 
be  found  in  Appendix  No.  5."  This  description  is  as  follows : 

After  they  have  provided  their  ore  their  flret  work  is  to  calcine  it, 
which  is  dune  in  kilns,  much  atler  the  fashion  of  oiir  ordinary  lime  ItJlii^: 
tlieee  cliey  tjll  up  to  the  top  with  ixial  and  ore  until  it  be  riiU,  and  ao,  jiut- 
tinj;  fire  to  the  l>ottom,  they  let  it  burn  till  the  coal  be  wasted,  iind  Chen 
renew  the  kilna  with  fteah  ore  and  coal.  This  is  done  without  any  infii- 
eiou  of  inettat,  and  eerveH  to  ciinsume  the  more  cirossy  part  of  the  ore,  and 
la  make  it  fryable,  nipplying  the  beating  and  washing,  which  are  to  no 
other  luettftle ;  from  hence  they  carry  it  Ui  their  furnaces,  which  are  huilt 
of  brick  and  stone,  about  24  foot  square  on  the  outuide,  and  near  30  foot  in 
height  within,  and  not  over  S  or  10  foot  over  where  it  is  tlie  widest,  which 
is  about  the  middle,  the  top  and  bottom  having  a  narrow  compare,  nmch 
like  the  form  of  an  egg.  Behind  the  Aimace  are  pkced  two  high  jMiir  of 
bellowH,  whose  aame  meet  at  a  little  hole  near  the  bottom ;  these  are  com- 
pressed t»(rether  by  certain  buttons  placed  on  the  axia  of  a  very  large 
wheel,  whidi  is  turned  round  by  water,  in  the  manner  of  an  overshot  mill. 
Ad  Hoon  OS  these  buttons  are  slid  olT,  the  bellows  are  raiseil  again  by  u 
counterpoise  of  weighta,  whereby  they  are  made  to  play  alternately,  tbe 
one  giving  its  blast  while  tbe  other  is  rising. 

At  first  tliey  fill  these  ftimaces  with  ore  and  cinder  intennixt  with 
hiel,  which  in  these  works  is  always  cbarcool,  laying  them  hollow,  at  tbe 
bottom,  that  they  may  the  more  easily  take  tire :  but  after  they  are  onco 
kindled  the  materials  run  together  into  an  hard  cake  or  lump,  which  is 
sustained  by  the  furnace,  and  through  this  the  mettat  as  it  runs  trickles 
down  the  receivere,  which  are  placed  at  the  bottom,  where  there  is  a  pas- 
sage open,  by  which  they  take  away  the  scum  and  dross,  and  let  out  tlieir 
mettal  as  they  see  occasion.  Before  the  mouth  of  the  fiimace  lyeth  a  great 
bed  of  sand,  where  tbey  make  furrows  of  tbe  Giehion  tliey  desire  to  curt 
their  iron.  Into  these,  when  the  receivera  are  fiill,  they  let  in  tlieir  meltal, 
which  is  made  so  very  fluid  by  the  violeni-e  of  the  fire  that  it  not  only  runs 
to  a  considerable  distance,  hut  stands  afterwards  lioiUng  a  great  white. 
After  tbetie  ftimaces  are  once  at  work  they  keep  them  constantly  employed 
for  many  months  together,  never  sulfering  tbe  Are  lo  slacken  night  or  day, 
but  still  supplying  the  waste  uf  fuel  and  other  materials  with  Iresh,  pourml 
in  al  the  top. 

Several  attemptx  have  been  made  to  bring  in  the  use  of  the  iva  ihwI  in 
Ihew  workes  insteafl  uf  charcoal ;  the  former  Ijeiug  tu  be  hod  nt  an  easy 
ret«,  the  latter  not  witliout  a  great  expenoe,  but  hitherto  they  have  pro\-ed 
ineffectunl,  tbe  workmen  finding  by  experience  that  a  sea-coal  lire,  how 
vehenienl  soever,  will  not  penetrate  the  most  fixed  parlfl  of  Ibe  ore,  by 

Cms  tbey  leave  nmch  uf  the  mettui  behind  them  unmelted. 
these  ftiraaces  they  bring  the  sows  and  piggH  uf  irun,  us  Ihuy  cull 
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them,  to  their  forges ;  these  are  two  sorts,  though  they  stood  together  under 
the  same  roof;  one  they  I'all  their  finery,  ami  the  other  diafers ;  both  of 
tliem  are  upon  heartlip,  uixm  which  they  plai-e  great  heaiie  of  sea  coal,  UDd 
liehind  them  bellows  like  thoee  of  the  AirmieeH,  but  nothing  near  w  large. 
In  BUi'h  flnerye  they  firet  put  their  pif[gn  of  in)n,  placing  three  or  fonr  of 
them  together  behind  the  fire,  with  a  little  of  one  end  thrust  inlo  it, 
where  soflening  by  degrees  they  stir  and  work  them  with  long  baire  of 
iron  till  the  mettal  runa  together  in  a,  round  masee  or  lump,  which  they 
1.^1  an  half  bloome  :  this  they  take  out,  and,  giving  it  a  few  strokes  with 
their  BledgeB,  they  tarry  it  to  a  great  weighty  hammer,  raised  likewise  by 
the  motion  of  a  water-wheel,  where,  applying  it  dexterously  to  the  blows, 
they  presently  beat  it  into  a  thick  short  square ;  this  tliey  put  into  the 
tlueiy  again,  and,  heating  it  red  hot,  they  work  it  under  the  same  hammer 
till  it  comes  to  the  ahape  of  a  bar  in  tlie  midiile,  with  two  square  knobs  in 
the  ends ;  last  of  all  they  give  it  other  heatings  in  the  chaftent.  [chafery,] 
and  more  workings  under  the  hammer,  till  they  have  brought  their  iron 
into  barre  of  several  shai>ea,  in  which  fashion  they  ex]>oee  them  to  sale. 

All  their  principal  iron  undergoes  the  aforementioned  preparations, 
yet  for  several  other  piir[>oec8,  as  for  hacks  of  chimneys,  hearths  of  ovens, 
and  the  like,  they  have  a  sort  of  caut  iron,  which  they  take  out  of  the 
receiverH  of  the  fiimaee,  ho  soon  aa  it  is  melted,  in  great  ladles,  and  pour  it 
into  the  moulds  of  fine  mnd  in  like  manner  as  they  do  cast  btBsB  and 
Hotter  mettals ;  but  this  sort  of  iron  is  so  very  brittle  that,  being  heated. 
with  one  blow  of  the  liammer  it  breaks  all  to  pieces. 

John  Riiy,  the  naturalist,  writing  a  little  earlier,  in  1672, 
has  also  fully  described,  in  two  papers  appended  to  liia  Col- 
lection of  English  Words,  the  blast  furnaces  and  forges  which 
existed  in  England  in  his  day.  "  This  account  of  the  whole 
process  of  tlie  iron  work,"  he  says,  "  I  had  from  one  of  the 
chief  ironmasters  of  Sussex,  my  honored  friend,  Walter  Bur- 
reU,  Esq.,  of  Cuckfield,  deceaaed,"  We  give  below  a  literal 
copy  of  this  description. 


The  iron  mine  lies  sometimes  deeper,  sometimes  ahallower,  in  the 
earth,  from  four  to  forty  [feet]  and  upward.  There  are  several  sorts  of 
mine,  some  hard,  some  gentle,  some  rich,  some  coarser.  The  ironmnstere 
always  mix  different  sorts  of  mine  together,  otherwisa  they  will  not  melt 
to  advantage.  When  the  mine  is  brought  in  they  take  small-coal  [char- 
coal] and  lay  a  row  of  it,  and  upon  that  a  row  of  mine,  and  so  alternately 
SjS.S.,  one  above  another,  and,  setting  the  coais  on  fire,  therewith  bum  the  , 
mine.  The  use  of  this  burning  is  to  modify  it,  that  so  it  may  be  broke  In 
small  pieces ;  otherwise  if  it  should  l>e  put  into  the  ftimace 
of  the  earth  it  would  not  melt,  but  come  away  whole.  Care  also  must 
taken  that  it  be  not  too  much  burned,  for  then  it  will  /oojf,  i.  f.,  nielt 
run  together  in  a  mass.  After  it  is  burnt  they  beat  it  into  small 
with  an   iron   sledge,  and  then  put   it   into   the  furnace,  (which   is 


es  out  ^^M 

ust  b«  ^^M 

It  and  ^H 

liefore  ^^1 


rh>iT]eeil  with  cobIe.)  cABting  it  upon  the  top  of  the  coale,  where  it  metta 
and  fklla  into  the  he&rth,  in  Uie  space  of  about  twelve  hours,  more  or  \eeB, 
&U(1  then  i1 

The  hearth,  or  bottom  of  the  liiruace,  in  made  of  sandstone,  anil  the 
sideB  round,  to  the  height  of  a  yard,  or  thereabont ;  the  rest  of  the  fiimuce 
is  Uned  up  to  the  top  with  brick.  When  they  hegin  upon  h  new  fumai^ 
they  put  fire  for  a  day  or  two  before  they  begin  to  blow.  Then  Ihey  blow 
genliy  and  encreaae  by  degreee  'till  they  come  to  the  height  in  ten  weelte 
or  more.  Every  six  days  they  call  a  foiimlay,  in  which  space  they  make 
eight  tun  of  iron,  if  you  divide  the  whole  sum  of  iron  mude  by  the  foun- 
days :  for  at  Grel  they  moke  leas  in  a  foundry,  at  last  more.  The  hearth 
by  the  force  of  the  flre,  continually  blown,  growB  wider  and  wider,  so  tliat 
at  Sist  it  contains  bo  much  us  wiU  make  ii  bow  of  six  or  seven  hundred 
pound  weight ;  at  last  it  will  contain  bo  much  ae  will  make  a  80w  of  two 
thousand  pound.  The  lesser  pieces,  of  one  thousand  pound,  or  under,  they 
call  pigs. 

or  twenty-four  loads  of  coals  they  expect  eight  tun  of  sows :  to  every 
load  of  cools,  which  consiste  of  eleven  <[UArters,  they  put  it  load  of  mine, 
which  contains  eighteen  bushels.  A  hcarlh  ordinarily,  if  made  of  good 
stone,  will  last  forty  founduys,  that  is,  forty  weeks,  during  which  tune  the 
file  is  never  let  go  out-  They  never  blow  twice  upon  one  hearth,  though 
they  go  upon  it  not  above  five  or  six  foundays.  The  cinder,  like  sditn, 
swims  upon  the  melted  metal  in  the  hearth,  and  is  let  out  once  or  twice 
before  a  bow  is  cast. 

THE    HANN'KH    OF    WOBKINQ    THE    IRON    AT    THE    POBOE    OR    IIAMMBB, 

In  every  forge  or  havimrr  there  ore  two  tires  at  least ;  the  one  Jhey  call 
the  fiaery,  the  other  the  fkafenj.  At  the  finery,  hy  the  working  of  IIlo 
hammer,  they  bring  it  into  bloonui  and  011™!™*,  thus ; 

The  BOW  they,  at  flnrt,  roll  into  the  flre,  and  melt  off  a  piece  of  about 
three-fourths  of  a  hundred- weight,  which,  so  soon  as  it  is  broken  off,  is 
called  a  loop.  This  tooji  they  take  out  with  their  shingling-louge,  and  heat 
it  with  iron  sledtjes  upon  an  iron  plate  near  the  fire,  that  so  it  may  not  thll 
in  pieces,  but  be  in  a  capacity  to  be  carried  under  the  hammer.  Under 
which  they,  then  removing  it,  and  drawing  a  httle  water,  beat  it  with  the 
hammer  very  gently,  which  forces  cinder  and  dross  out  of  the  matter ;  after- 
wards, by  degret^s,  drawing  more  water,  they  beat  it  thicker  and  stronger 
'UIl  they  bring  it  to  a  bloom,  which  is  a  four-square  mass  of  about  two  feet 
long.  This  operation  they  call  nhingliru/  tfif  loop.  This  done,  they  imme- 
diately return  it  to  the  finery  agwn,  and,  alter  two  or  three  heats  and  work- 
tngB,  they  bring  it  to  an  ancony,  tlie  figure  whereof  is,  in  the  middle,  a  bar 
about  three  feet  long,  of  that  shape  they  intend  the  whole  bar  to  lie  made 
of  it  1  at  both  ends  a  square  piece  left  rough  U>  be  wrought  at  the  chafery. 

Nolr.  At  the  finery  three  load  of  the  biggest  coals  go  to  moke  one  tun 
of  iron.  At  the  chafery  they  only  draw  out  the  two  ends  suitable  to  what 
was  drawn  out  at  the  finery  in  the  middle,  and  bo  finish  the  bar. 

Nue  1.  One  load  of  tbo  smaller  coals  will  draw  out  one  tun  of  hun  at 
the  chafery.  2.  They  expect  that  one  man  and  a  boy  at  the  finery  should 
Diake  two  tuns  of  iron  in  n  week  :  two  men  at  the  chafery  should  take 
up,  1'.  r..  make  or  work,  fi\'e  or  six   tun  in  a  wetk.    :l.  If  into  the  hearth 


THE    MANUFACTURE    OF 

where  they  work  the  iron  bowb  (whether  in  the  chafery  or  the  finery)  yoii 
cast  upon  the  iron  a  piece  of  brass  it  will  hinder  the  meta!  from  workinif. 
caufiing  it  to  sjuitter  about,  bo  that  it  can  not  be  l^roupht  into  u  solid  piece. 

Johu  Houghton,  in  his  Husbandry  and  Trade  Improved, 
printed  in  1697,  calls  the  square  first  made  a  half  bloom  and 
the  bar  with  the  two  knobs  a  bloom,  the  greiiter  end  being 
called  the  mocket  head  and  the  smaller  the  ancony  end.  At 
the  third  heat,  there  being  five  heats  in  all,  the  ancony  end 
was  reduced  to  a  bar,  aud  at  the  fourth  and  fifth  heats  the 
mocket  bead  was  also  reduced. 

The  English  blast  furnaces  and  refinery  forges  which  have 
been  described  were  counterparts  of  Continental  ftiruaees  and 
forges  of  the  same  period.  On  the  Continent,  as  well  aa  in 
England,  as  described  by  Dr.  Parsons,  various  castings  were 
made  direct  from  the  furnace,  which  for  this  reason  was  often 
called  a  foundry.  These  castings,  in  addition  to  the  articles 
mentioned  by  Dr.  Parsons,  embraced  such  domestic  utensils 
as  pots,  kettles,  skillets,  gridirons,  sad  irons,  andirons,  clock 
weights,  cog-wheels  for  mill  machinery,  grates,  stoves,  etc. 

After  coke  came  into  general  use  in  the  blast  furnaces  of 
Great  Britain  the  method  of  refining  iron  which  is  above  de- 
scribed Vas  somewhat  changed  in  that  country  in  details  bijt 
not  in  principle.  On  the  Continent,  however,  where  charcoal 
continued  to  be  the  only  fuel  used,  there  was  no  change  in 
the  method  of  refining  iron  until  the  puddling  furnace  was 
introduced,  after  the  beginning  of  the  present  century,  in 
company  with  the  rolling  mill  for  rolling  bar  iron.  The  pud- 
dling furnace  was  introduced  into  Sweden,  at  Skeho,  and  into 
France,  at  Fourchambault,  about  1820 ;  into  Belgium,  at  Gri- 
vegnee,  by  Michael  Orban,  in  1821 ;  into  Moravia,  at  Witko- 
witz,  in  1829  ;  into  Rhenish  Prussia  about  1830 ;  into  West- 
phalia and  Upper  Silesia  about  1835 ;  and  into  Siegen  and 
the  Hartz  mountains  about  1840. 

The  erection  of  the  first  coke  blast  furnace  on  the  Conti- 
nent of  Europe  was  commenced  in  1823  at  Seraing,  in  Bel- 
gium, by  John  Cockerill,  an  Englishman  by  birth  but  a  Bel- 
gian citizen,  and  completed  in  1826,  when  it  was  successfully 
blown  in.  Other  coke  furnaces  in  Belgium  and  elsewhere  ou 
the  Continent  soon  followed.  M.  Ed.  de  Laveleyo,  of  Liege, 
says  that  in  1709  an  attempt  to  smelt  iron  ores  by  means  of 
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foke  was  made  at  Juslenville,  near  Spa,  in  Belgium,  but  with- 
out success.  One  of  the  coke  furnaces  of  the  Hoerde  iron 
works  in  Germany  is  said  to  have  boon  continuously  in  blast 
from  July  3,  1S55,  to  May  29, 1874,  or  almost  nineteen  years. 

Wooden  beflows,  or  tubs,  us  a  substitute  for  ieatlier  bel- 
lows in  connection  with  blast  furnaces  and  forges,  do  not  ap- 
pear to  have  been  used  in  England  in  the  seventeenth  centu- 
ry, although  said  to  liave  been  invented  by  Hans  Lobsinger, 
of  Nuremberg,  in  Glerroany,  about  1550.  They  were  certahily 
used  in  Germany  eighty  years  later,  in  1630,  and  in  various 
parts  of  Great  Britain  in  the  eighteenth  century.  In  17.jO 
leather  bellows  were  used  to  blow  the  charcoal  furnaces  in 
Monmouthshire,  As  late  as  1809  leather  bellows  22  feet  long 
and  having  oak  planks  two  inches  thick  were  still  used  in 
blowing  some  Scotch  furnaces.  Both  leather  and  wooden  bel- 
lows have  been  used  in  blowing  the  furnaces  and  foi^ea  of 
the  Unitetl  States,  and  the  use  of  wooden  bellows  had  not 
been  wholly  abandoned  in  this  countrj-  as  late  as  1884. 

The  Iroinpe,  or  water-blast,  is  said  to  have  been  invented 
in  Italy.  Its  use  has  been  mainly  confined  to  some  of  tlio 
charcoal  funiaces  and  Catalan  forges  of  Germany,  France, 
Spain,  and  Italy.  We  can  not  learn  that  it  was  over  used 
in  any  part  of  Great  Brilain.  Although  it  is  now  generally 
abandonetl  it  may  yet  be  found  supplying  the  blast  for  a 
few  forges  on  the  Continent,  and  as  late  as  1890  it  had  not 
entirely  disappeared  in  the  southern  part  of  the  United 
States.  Professor  Lesley  described  in  1858,  in  thi3  Irvn  Manif 
/adurer's  GuvU,  the  water-blast  which  was  then  in  use  in  the 
Southern  States  in  connection  with  Catalan  forges.    He  said : 

Tlie  iise  of  tlie  waltr-hluat  is  all  but  imiveraal.  It  consists  at  a  bos, 
say  5  by  2)  by  IJ  feet  deep,  nearly  inunerBed  in  the  Htream,  directly  under- 
neath the  ftirebey  or  flume.  The  water  nuhee  down  into  its  upper  end 
fnmt  the  foreliay  throu);h  a  wooden  {lipc,  say  8  incheii  square,  separated  in 
two  by  a  wfe/x.  of  an  inch  or  two,  as  if  the  two  joints  of  a  stove-pipe  had 
|)iirted'  that  niui-h.  Into  this  alit  air  is  sucked  by  the  felling  water  and 
driven  out  throuifh  another  3-ini.-h  tube  at  the  lower  end.  Inside  the  box, 
and  ]]aratlel  with  its  lid,  a  plank  ealled  the  ")<patter-board"  is  set  a  few 
ineheei  below  the  first  tul>e.  The  water  ewMpes  from  a  hole  under  the 
wat^r-level  at  tlie  lower  end  of  the  box.  This  apparatus  j^ives  a  cold,  danip 
blast,  with  a  great  waste  of  water,  hut  one  that  is  verj'  uniform. 

The  origin  of  the  rolling  mill  for  rolling  iron  into  bars 
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or  plates  is  not  free  from  doubt.  Scrivenor,  quoting  from  I 
Coxe's  Tottr  in  Monmouihshire,  saya  tliat  "  in  the  early  part  of  1 
the  eighteenth  century  John  Hanbury  invent«l  the  metliod  i 
of  rolling  iron  plates  by  means  of  cylinders."  Flower,  allud- 
ing to  the  manufai'ture  of  tin  plates  at  Ponty]M)ol,  says  that  | 
"the  discoverj'  of  aheet-irou  rolling  followed  in  1T28,  an  in-  I 
vention  claimed  alike  by  John  Payne  and  Major  Hanbury, 
and  it  was  in  a  great  measure  owing  to  this  iniproveinent  1 
that  we  were  enabled  to  turn  the  tables  upon  Germany.  The  I 
tin-men  were  greatly  delightetl  with  the  English  plates;  tho  J 
color  was  better,  and  the  rolled  plates  were  found  to  be  more  I 
pliable  than  the  foreign  ones,  which  were  hammered."  The  I 
following  is  taken  from  lire's  Dictionary  of  the  Artfi:  "la  J 
1728  John  Payne  invented  a  process  for  rolling  iron.  This  I 
scenis  to  have  at  once  led  to  the  use  of  the  Hat  or  sheet  rolls  I 
for  the  manufacture  of  iron  for  tin  plates ;  but  it  is  very  re-  1 
markable  that  no  further  progress  was  made  in  this  discov- 
ery of  rolling  iron  until  1783,  when  Henry  Cort  introduced  tho  1 
grooved  rolls,"  Percy  saj-s;  "  With  respect  to  tlie  invention  f 
of  grooved  rolls  it  has  been  maintained  that  Cort's  claim  is  | 
invalidated  by  the  old  patent  granted  to  John  Payne  in  1728."  I 
It  is  certain,  however,  that  even  plain  rolls  tlid  not  come  into  I 
general  use  until  the  rolling  mill  had  been  perfected  by  Cort,  y 
the  refinery  fire,  the  leather  and  wooden  bellows,  the  tilting-  I 
hammer,  anil  the  water-wheel  slill  holding  their  place  in  the  I 
manufacture  of  finished  iron  on  the  Continent  and  in  (ireafc  | 
Britain. 

Dr.  Johnson,  in  the  diary  of  his  tour  in  Wales  and  Mon-, 
mouthshire  in  1774,  says  that  at  an  iron  works  he  saw  "roundl 
bars  formed  by  a  notched  hammer  and  anvil,"  and  that  at  t 
copper  works  he  saw  "  a  plate  of  copper  put  hot  between  ateeLl 
rollers  and  spread  thin."     The  whole  [Mtssage  is  aa  follows;! 

Wi-dnt-HiIfty,  Au^uet  3  [1774].    "    •    •    Wo  weul  in  Oie  vmK)i  to  Holyva 
well,     •     •     •     Wo  there  ww  ti  bnu«  Wfrk,  whi-ri'  llir'  lapit  raLiniinant 
mtbcn^l,   Imikeii,  WMiihmi  (niiii   Ilit^   i-iirlh   uuil   llii-   It-ail,  ttiou^li   how  I 
Ic«4  wn»  ■PinniW   I  ilid   not  arv  ;  Ihpn  mJrinnl,  oftcrwnnl*  KtiiUnil  fit 
Kiul  tlii^ii  ihIxm]  by  lLn>  with  mi^vr.    W«  Raw  wvoral  etninn  finw  wUta 
mnltiTig  [lotis  lint  tlie  inn^lrai'tinn  of  Ijic  fin'-plait^  1  diJ  nui  ](«n).    Al  tt 
ccipjier  work,  whioh  rmvinM  iu  |ii|EB  of  i^}|i]i«ir,  I  think,  fhini  ^VAtruifrtniijil 
yn  aiw  •  [>l«le  (■rmp|>n  pax  liot  Iniwtwn  mm>I  mllen  nnil  §|>n«il  thItL 
know  not  wliothrr  the  iipinr  mller  wac  wt  W>  u  nrlnSn  durtntiw.  w  I  •ni>-J 


pcwe,  at  acted  onlv  b}?  its  wei^lit.  At  on  iron  vorks  I  saw  roand  bore 
formed  by  a  notched  hammer  »nd  anvil.  There  1  hiw  a  bur  of  about  half 
an  inch  or  more  square  cut  with  ebeara  worked  hy  water,  imd  then  beaten 
hot  into  a  thinner  bar.  The  hammers,  all  worked  as  they  were  by  water, 
acting  npon  small  bodied,  moved  very  quickly,  as  quick  as  by  the  band.  I 
then  ^w  wire  drawn  and  pive  il  Hhilling. 

We  find  by  an  examination  of  English  patents  that,  on 
November  21,  1728,  John  Payne,  an  Englishninn,  obtained  a 
patent  for  various  improvements  in  the  manufacture  of  iron, 
which  consisted  in  part  in  the  apphcation  of  certain  ashes, 
salt,  etc.,  to  pig  or  sow  iron  while  in  the  refinery  fire,  "  which 
will  render  the  same  into  a  state  of  malleability,  as  to  bear 
the  stroke  of  the  hammer,  to  draw  it  into  barrs  or  otiier  forms 
att  the  pleasure  of  the  workman,  and  those  or  other  barrs  be- 
ing heated  in  the  said  melted  ingredients  in  a  long  hott  arch 
or  cavern,  as  hereafter  is  described;  and  those  or  other  barra 
are  to  pass  between  two  large  racttall  rowlers,  (which  have 
proper  notches  or  furrows  upon  their  surfass,)  by  the  force 
of  my  engine  hereafter  described,  or  other  power,  into  such 
shai>es  and  forms  as  shall  be  required."  Plain  rolls  for  roil- 
ing sheet  iron  for  tin  plates  are  not  referred  to.  Other  patents 
were  subsequently  granted  in  England  for  the  invention  of 
rolls  of  various  forms  for  rolling  bar  iron.  In  1759  a  patent 
was  granted  to  Thomas  Blockley  for  rolls  which  "are  to  be 
turned  and  formed  of  the  refpiisite  shape  so  as  to  shape  the 
article  as  intended."  In  1779  a  patent  was  granted  to  William 
Bell  for  rolls  which  "have  designs  sunk  in  their  surfaces." 

In  -lohn  Houghton's  Htutbandmj  and  Trade  Improved,  prints 
ed  in  1697,  he  speaks  of  slitting  and  rolling  mills  as  "late 
improvements,"  This  is  the  earliest  reference  we  have  found 
to  a  rolling  mill  in  connection  with  a  slitting  mill.  Such  use 
of  a  rolling  mill  \TOuld  probably  precede  its  use  for  any  otii- 
er purpose  in  connection  with  the  manufacture  of  -iron.  In 
Flower's  History  of  the  Trade,  in  Tin  the  manufacture  of  tin 
plates  at  Mansvaux,  in  Alsace,  in  1714,  is  fully  described,  and 
it  is  noticeable  timt  the  sheet  iron  then  used  was  hammered. 
This  description,  which  is  illustrated,  sustains  the  claim  that 
either  John  Pajiie  or  Major  Hanbury  was  fourteen  years 
later,  in  1728,  the  first  person  to  roll  sheet  iron,  an  innovation 
which  presumptively  grew  out  of  the  use  of  the  rolling  mill 
in  the  manufacture  of  nail  plates  as  early  as  1697,  as  recorded 
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by  John  Houghton,  and  which  innovation  probably  followed 
Payne's  invention  of  grooved  rolls,  patented  in  1728. 

We  quote  below  John  Houghton's  statement  concerning 
the  rolling  mill  just  as  we  find  it  under  the  date  of  Friday, 
October  22, 1697,  in  Bradley's  edition  of  Hushaiuiry  awl.  Trtule 
Improved,  printed  at  London  in  1727.  After  describing  "how 
the  BOWS  and  pigs  of  iron  are  prepared  for  bars  and  drawn 
into  auch"  in  the  refinery  forges,  "which  are  of  two  sorts," 
the  "finery"  and  the  "chafery,"  he  tells  us  in  the  following 
words  how  the  bars  are  eonvertetl  into  nail  rods. 

Whereof  thoee  Ihey  intend  to  \ie  cat  into  rods  are  csirried  to  tlie  dil- 
ting  mill*,  where  they  first  break,  or  cut  them  cold,  with  the  fon*  of  one  cif 
the  wheels,  into  short  lengllis;  then  they  are  put  into  a  (1111181*  to  be  heat- 
ed red-hot  to  a  good  hfiight,  and  then  hronsht  Bingly  to  the  rollera,  by 
which  they  are  drawn  even,  and  to  a  fcrealer  lei^h ;  after  this  another 
workman  taken  theni  whilst  hot,  and  puis  them  through  the  ciiUn-ti,  which 
are  of  divers  ai»«,  and  uiuy  be  put  on  or  otT  according  to  |>leamre.  Then 
another  lays  them  straight  alao  whilst  hot,  and  when  i-old  binite  them  alao 
into  fiiggota,  and  then  they  are  fit  for  aaJe. 

t  And  thus  1  have  given  an  account  of  the  xr'ni  a-urkt  of  UltaffoniMrr.  from 
the  oar  to  the  glittinj;  niilli!,  as,  they  ore  now  exerciBed  in  their  perfection, 
the  improvement  whereof  we  shall  find  very  ^reat  if  we  look  back  upon 
the  methods  of  our  ani'estorH  that  made  iron  in  fiiiA-bla^»  or  blomnerieg,  by 
means  of  treading  the  Mtovt,  by  which  way  they  could  make  but  one  UtUe 
Inmp  or  lAvim  of  iron  in  a  day,  not  a  hundred  weight,  leaving  as  much  iron 
in  the  *lag  as  they  got  out.  Whereaa  now  they  will  make  two  or  three  tons 
of  cast  iron  in  twenty-four  hours;  leaWng  the  slag  bo  poor  that  the  found- 
ets  can  not  melt  them  again  to  profit,  not  to  mention  again  the  vast  advan- 
tage they  have  from  Uie  new  invention  of  ulitling  mille  for  cutting  their  bars 
iniji  rods,  above  what  they  bad  antiently. 

Hougliton's  whole  account,  from  which  the  above  extract 
is  taken,  is  entitled  by  him  "  a  note  of  late  impi-ovementa." 

In  the  English  pamphlet  on  the  British  iron  trade,  printed 
between  1725  and  1731,  and  already  referred  to,  there  is  con- 
clusive proof  that  down  to  that  time  all  bar  iron  was  ham- 
mered.   We  quote  literally  from  this  pamphlet  aa  follows : 

Fii/^rrm  is  brought  from  the  ^n«t«'  to  the  forge;  and  there  by  being 
melted  and  digested  in  the  fire  becomes  a  tlxt  and  malleable  sulwtance  ;  and 
by  re))eat«d  heate  in  the  lire,  and  repeated  impressions  of  the  hammer,  is 
beaten  out  into  long  liura  or  palaeades,  and  upon  that  account  is  termed 
bar-iron.  F[iiiiun-»  and  /irg'-t  are  comprehendHl  under  one  common  name 
of  iron  icork».  Bar-tTini  is  of  several  sorts,  distinguished  by  particular  names 
according  to  ita  dimensions  and  nsew.  The  two  most  general  are  mrrrjiant- 
fiar  and  mill  bar:  The  one  lielng  such  shiiiied  iron  iis  is  usually  imjiorted 
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bjr  the  merchant,  about  inch  and  faa]f  or  two  inches  broad  and  one-third 
thick,  and  equaree  of  difierrnt  sizes.  The  otiier  such  as  is  proper  fbr  the 
tliUaig  or  roiDling-miU,  of  double  dimeimions  to  the  former.  The  dittvig 
and  TOwling-milU  ore  water-engineH,  whoee  nee  is  Cu  redui'e  bnr-iron  into 
sni&U  roda  or  thin  plat«8,  in  order  to  Buve  the  expence  of  charcoal  and  hu- 
man lalxiur. 

A  letter  of  inquiry  to  Professor  Richard  Akerman,  of  the 
School  of  Mines,  Stocklioira,  Sweden,  requesting  such  informa- 
tion as  might  be  in  his  possession  concerning  the  origin  of 
tlie  slitting  mill  and  the  rolling  mill,  was  answered  as  follows : 

That  shtling  uiills  were  in  use  Ireforo  rolling  mills  is  most  probable  and 
nearly  eerlain.  At  the  bepnning  of  this  century  there  could  BtHI  be  found 
slitting  millB  ill  which  hnnimered  but  not  rolled  iron  was  elit.  But  all  slitr 
tin^  mille  were  nut  made  on  the  principle  of  rolling  mills;  many  of  them 
more  reneinbled  scissors. 

The  flrst  publication  about  rolling  mills  in  this  country  whirh  I  have 
seen  or  know  about  is  De  Ferrn,  by  Emanuel  Wwedeoboi^,  which  was  print- 
ed in  1T:14.  Swedenborg  Hpeake  both  about  slitting  machines  on  the  prin- 
ciple of  Bcleeoie,  cutting  three  rode  at  a  time,  and  alxiut  slitting  mills  in 
connection  with  rolling  mills.  He  describes  slitting  Diills  in  Sweden,  in 
the  Li^  distrii-t  of  Belgium,  in  Germany,  and  in  England ;  but  he  does 
not  say  a  single  word  about  where  he  thinks  they  originated,  flii'fdtnborff 
dnri  not  fujr  anything  abaui  gnxntd  roll'.  In  fiict  he  only  describea  rolling 
milla  in  connection  with  slitting  mills.  Un  page  253  he  speakg  about  tjwed- 
tsh  rolling  mills  at  Wedew&g,  Avesta,  and  Stjemsund. 

On  the  contrary,  Christopher  Polhem,  in  hb  Patriotitka  Tttlamfntr, 
which  waH  printed  in  171)1,  ten  years  afler  his  death  when  he  was  W)  years 
old,  apeaks  about  rolling  mills  as  such,  both  for  plates  and  bar  iron.  He 
ays,  in  chu,iif«r  14,  "much  time  and  labor  cun  be  saved  by  good  roUing 
millE,  because  a  rolling  mill  can  produce  10  to  20  and  still  more  bars  at  the 
same  time  which  is  wanted  to  tilt  only  one  bar  with  the  hammer.  Thus 
very  thin  bar  iron  can  be  made  which  is  usefiil  for  hoope  and  mountings 
of  several  kinds.  Steel  also  can  be  rolled  out  for  knife  blades,  etc..  which 
easily  can  be  finished  by  tlie  bkckemith.  The  rolls  can  be  so  made  that 
the  knife-steel  bei'omes  broad  and  thin  on  both  sides,  or  gels  the  same 
shape  as  blailcs  of  common  swords,  and  these  van  be  cut  lengthwise  in  two 
ports,  thus  giving  suitable  material  for  knives,  etc.  Rolls  also  can  be  made 
for  producing  quadnmgular,  round,  and  half-round  bare,  not  otdy  for  iron 
but  also  for  steel,  as  for  all  kinds  of  files  which  easily  can  be  linislicd  by 
tlic  blacksiuitb." 

In  the  next  diapter  Polhem  describes  the  manner  of  making  wrought- 
iron  rolls  covered  with  steel.  Further  on  in  the  eeme  chapter  he  speaks  of 
rolls  Ibr  rolling  sheets:  "As  such  rolls  commonly  have  a  length  of  thn« 
ijiiarter«,  it  fiillows  that  their  diameter  must  be  rather  large;  but,  as  thick 
mils  in  comparison  with  slender  ones  have  only  a  small  effect  in  streteh- 
ing,  bruad  sheets  lan  not  bo  rolled.  If  not,  two  slender  wrought-iron  rolls 
MX!  put  between  the  two  thick  oist-iron  rolls,  which  prevent  the  slender 
rolls  Irom   yielding;.    >jucb  rolls  1  have  put  up  at  Stjernsuud  alter  having 
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tried  \heii  effect  by  esperiments  on  a  sumll  sr&le."  Aller  inoutionint;  eco- 
nomic-al  diffi<nilties,  in  t-onseqaence  of  wbidi  he  wbb  olili^  lo  le*ve  nn- 
lued  both  this  and  other  expensive  nuchinee,  he  rontrludes  with  ibe  fol- 
lowing words:  "Yet  I  willingly  grant  to  othen,  who  perhaps  will  live  dur- 
ing more  happy  times,  what  1  have  not  got  opportunity  l«  use  for  myaelt." 

PolbeJn  says  unthing  ahnut  the  time  when  be  put  up  the  £&id  lolling- 
mill,  but,  if  you  renieniber  tliul  he  was  bora  1661  and  di«i  1751,  it  eecnis 
probable  that  it  must  have  been  during  the  firat  dcrailef  of  the  ei^t«enth 
century.  Chrietopher  Polhem  was  the  gi«ateet  mechiuiitnl  geniog  Sweden 
lias  ever  prodnced,  but  wliether  he  was  the  very  first  inventor  of  rolling 
'  miUs  it  IB  impoeeible  for  mo  lo  say.  At  any  rate  he  ought  to  l>e  mentioned 
among  the  inventors  of  rolling  mills.  In  fact,  Pnlbeui  must  1«  enid  Ui  he 
the  r«al  inventor  nt  what  you  coll  the  Lauth  rolling  mill  The  only  dlffer- 
natx  IB  that  PoUiBm  used  four  rolls  above  eaiti  other,  two  eniall  Iwtwefn 
two  larse  ones. 

(.iahriel  Polheni,  a  son  of  Christopher  Polhem,  in  the  Traruxictimui  tff 
the  Royal  SwedUh  Aradmt'j  uf  Srimm  for  1740,  irfves  a  desmption  of  a  roll- 
ing mill,  "  the  invention  of  my  fiitber,"  which  he  (Gabriel  I'olhein)  put  np 
at  the  mint  in  Coaeel,  Germany.  lie  enye  that  the  ofBivre  of  the  mint  did 
not  believe  that  a  rolling  mill  could  be  of  any  nee  for  the  mint,  but  he  was 
in  1733  onIere<l  by  King  Frederick  to  put  it  up,  and  it  proved  must  uaefiil 
for  getting  more  uniform  thieknem  and  weight  of  the  coins.  Ftam  this 
and  other  espieitsione  in  the  description  it  is  quite  clear  that  the  said  roll- 
ing mill  wiM  the  very  firet  i>ut  up  at  any  mint,  but  not  lung  ulterwards  a 
rolling  mill  also  was  put  up  at  Iho  Swedish  mint, 

This  comiiiuiiicatioii  from  Professor  Akcriuaii  is  a  very 
important  one,  especially  in   its  reference  to  the  use  of  the 
rolling  mill  for  rolling  plato  and  bar  iron  before  1751,  the 
year  of  the  death  of  Christopher  Polhem.     It  proves  that 
plate  and  bar  iron  were  rolled  before  Cort's  day,  but  jirohably 
not  until  after  tht;  rollixig  mill  had  been  used  as  early  as  H>9~ 
in  connection  with  the  slitting  mill,  as  recorded  by  Houghton, 
nor  until  after  the  invention  of  sUeet-iron  rolling  in  172S, 
with  which  the  names  of  Payno  and  Ilanbury  are  associated. 
The  germ  of  the  great  invention  by  wliit-h  iron  and  al«el  are  ^ 
rolled  into  so  many  and  into  sucli  infinitely  small  and  won* 
derfully  large  shaiK-s  in  our  day  most  likely  originated  witli 
the  man  wlio  added  tlie  rolling  mill  to  the  slitting  mill,  and  | 
after  a  hiborious  invcatigutiou  wc  rtigrel  that  wu  can  not  give  i 
hi«  name  nor  detinitely  fix  the  date  of  his  invention.     Cort, 
however,  \i  entitled  lo  the  credit  of  so   improving  upon  all  I 
previous  suggestions  tlml  the  rolling  mill  in  his  Iiands  bo-  j 
camo  n  succwwful  invi-nliou  for  \^w  nmuerous  and  important  J 
purpostti  to  which  it  h  now  applied. 
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The  methods  of  producing  steel  which  were  in  use  before 
Hunttjtuan  succeeded  In  making  crucible  steel  at  Sheffield, 
in  1740,  to  which  event  we  have  referred  in  the  chapters 
relating  to  Great  Britain,  were  substantially  only  three  in 
number.  The  first  method  was  either  closely  allied  to  or  was 
wliolly  identical  with  the  direct  or  Catalan  process  for  pro- 
ducing iron,  the  product  being  variously  known  as  natural 
steel,  raw  steel,  or  German  steel.  The  second  method  was  the 
Indian  process  for  converting  small  pieces  of  bar  iron  into 
steel  in  crucibles,  the  product  being  woota,  or  Indian  steel. 
The  third  method  was  the  cementation  jirocess,  in  whicli  bars 
of  the  best  iron  were  carbonized  by  being  heated  in  contact 
with  charcoal,  the  resuK  being  blister  steel  and  shear  steel. 
Steel  produced  by  the  cementation  process  is  also  known  as 
German  steel,  because  much  attention  was  long  given  to  its 
production  by  Germany.  All  these  methods  are  yet  in  use. 
A  Chinese  method  heretofore  mentioned  we  pass  over. 

The  first  method,  which  requires  the  use  of  a  forge,  and 
which  WHS  originally  applied  to  iron  ore  but  afterwards  to  pig 
iron,  is  most  observed  in  CJermany  and  Austria.  In  Styria 
the  finest  tool  steel  is  still  produced  by  the  old  Frischen  proc- 
ess, which  consists  in  refining  the  excellent  Styrian  pig  iron 
in  small  charcoal  open  hearths.  The  process  is  essentially 
primitive.  Professor  Tunner  has  given  a  complete  account 
of  the  older  open-hearth  methods,  which  has  been  quoted  by 
Dr.  Percy.  The  small  works  for  the  production  of  Styrian 
open-hearth  steel  are  distributed  along  the  banks  of  rivers 
in  the  Styrian  Alps,  each  of  the  works  being  located  at  a  fall 
of  the  river  capable  of  developing  about  50  horse-power. 

Allieti  to  the  above-mentioned  process  of  making  steel  in 
open  hearths  which  is  still  practiced  in  Germany  and  Austria 
is  tlic  following  ancient  German  method,  described  by  Agric- 
ola  in  his  De  Be  MetalUcu,  printed  about  the  middle  of  the 
sixteenth  century.     We  use  Day's  translation. 

Make  rhoice  of  iron  wbi(!h  is  apt  to  melt,  Rnd  yet  hard,  and  may  easily 
be  wrought  with  the  hammer;  for  althoiyth  iron,  which  is  made  of  vitrioho 
urv,  may  melt,  yet  it  ia  aofl,  or  brittle,  or  ea^r.  Heat  a  parcel  of  such  iron 
red-hot,  and  i-ut  it  into  small  piei^e,  and  then  mix  it  with  a  sort  of  atone 
which  eiwtly  meltn;  then  set  in  the  Hmilh'e  forge,  or  hearth,  a  rratrible,  or 
dish  of  crucible  metal,  a  foot  and  a-hslf  broad,  and  a  font  deep ;  BlI  the  dieii 
with  good  cliarcoal,  and  compasH  the  dixh  ultout  witli  Ioiibi;  slonee,  to  keej> 


V  of  Blone  and  pieces  of  iron-  Ae  soon  ae  the  coal  'm  thorough- 
ly kindled,  and  the  dieh  red-hot,  give  the  blast,  and  let  the  workman  put  on 
by  little  and  little  all  the  miilure  of  iron  and  stone  he  designs.  When  it  is 
melted,  let  him  thrust  into  the  middle  of  it  three  or  fonr  or  more  pieces  of 
iron,  and  boil  them  therein  five  or  sis  houre  with  a  brisk  fire:  and,  patting 
in  bb  rod,  let  him  often  stir  the  melted  iron,  that  the  pieces  may  inihilie  the 
gmalier  paiticlea  of  the  melted  iron,  which  particlee  conmnie  and  tliin  the 
groner  ones  of  the  iron  pieces,  acting  like  a  ferment  to  them,  and  making 
them  tender.  Let  the  workman  now  lake  one  of  the  pieces  out  of  the  tire 
and  put  it  under  the  great  hammer,  to  be  drawn  out  into  bare  and  wrought ; 
and  then,  hot  as  it  is,  plunge  it  into  cold  water.  Thus  tempered,  let  him 
again  work  it  on  the  anvil,  and  break  it ;  and  viewinj;  the  fragments,  let 
him  consider  whether  it  looks  like  iriin  in  any  part  of  it,  or  be  wholly  con- 
densed and  turned  into  eleel.  Then  let  the  pieces  be  all  wronght  into  bars; 
which  done,  give  a  fresh  bhuit  to  the  misture,  adding  a  Uttle  fresh  matter  to 
it,  instead  of  that  which  had  been  drunk  np  by  the  pieces  of  iron,  which 
will  refresh  and  strengthen  the  remainder,  and  moke  still  purer  the  pieces  of 
iron  again  put  into  the  dieh  ;  every  which  piece  let  him,  ae  soon  ae  it  is  red- 
hot,  beat  into  a  bar  oii  the  anvil,  and  caat  it,  hot  as  it  is,  into  cold  water. 
And  thus  iron  is  made  into  steel,  which  ia  much  harder  and  whiter  than 


Mr.  Thomas  Tamer  defined  cemented  steel  as  follows  in 
a  lecture  delivered  at  Birmingham,  England,  in  1889 : 

For  the  preparation  of  best  steel  for  oitlery,  toole,  and  similar  purposes, 
it  is  still  customary  to  adopt  the  cementation  process,  though  the  amoimt 
of  steel  so  produced  is  relatively  growing  less  and  les  each  year.  This 
process  lias  been  nsed  for  several  centuries  at  least,  &nd  the  origin  of  the 
method  is  unknown.  Selected  liars  of  Swedish  or  other  best-quality  iron 
are  plaued  in  closed  cbesle  and  heated  iu  contact  with  charcoal  for  about 
a  week  or  ten  days,  depending  on  the  temper  which  is  desired.  By  this 
means  the  wrought  iron,  which  was  originally  almost  entirely  free  from 
carbon,  takes  up  suthcient  of  that  element  to  ^ve  the  metal  its  character- 
istic properties.  Usually  some  15  tons  of  iron  are  converted  in  one  opera- 
tion, and  12  tons  of  good  coal  are  consumed.  The  metal  so  obtained  is  cov- 
ered on  its  sur&ce  with  small  blisters,  formed  by  the  reducing  action  of 
(wbon  on  the  small  quantities  of  intermingled  slag  in  tlie  iron,  and  hence 
is  called  blister- steel.  It  is  brittle  in  this  state  and  crystalline  in  fi'acture. 
Blister-steel  is  broken  up,  ])iled,  re-heate«:l,  and  hammered,  and  so  fbrms 
gbeai-steel,  which  was  originally  used  for  making  wool-eheare,  bnl  is  now 
need  for  many  other  purposes.  The  milder  varieties  of  blister-steel  are 
used  in  producing  shear-steel,  while  those  which  aie  a  little  richer  in  car- 
bon are  re-heated  and  hammered  in  the  same  way ;  but  the  o|)emtion  is 
repeated  a  second  time,  and  double  shear-steel  is  iiroduced.  Shear-steel, 
though  admirably  snited  for  many  purposes,  is  not  quite  unifbim  in  char- 
acter, and  this  uniformity  cnn  only  be  ensured  by  melting  the  metal,  so  as 
U>  allow  it  to  mix  thoroughly  toffether,  and  to  eliminate  the  slag  and  other 
inlermingled  impurities.  Melted  steel  was  unknown  Itefore  the  days  of 
Hunlfiman.     [This  is  clisiirovcd  by  li&umur.    See  itt^-e  1)7, — J.  M,  H.] 
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Percy  aaya  of  the  cementation  process,  by  which  uiitil  in 
late  years  most  of  Uie  steel  of  Europe  and  America  waa  pro- 
duced :  "  This  ia  an  old  process,  but  little  is  kiiowu  of  its  his- 
tory. According  to  Beckmann  there  is  no  allusion  to  it  iu  the 
wTitiiigs  of  the  ancients.  It  was  well  described  by  Reaumur 
in  1722,  in  his  admirable  treatise  on  the  art  of  converting 
bar  iron  into  steel."  Landrin  says:  "Germany  is  also  the  first 
country  where  it  was  proposed  to  cement  iron.  Thence  this 
art  came  to  France,  and  was  introduced  at  Newcaatle-on-Tyne 
long  before  it  was  known  at  Sheffield,  the  present  centre  of 
tliat  fabrication."  The  word  cementation  is  derived  from  the 
former  use  with  charcoal  of  chemical  compositions  called  ce- 
ments, whicli  were,  however,  not  needed. 

Professor  Griiner,  of  Paris,  mentions  that  Reaumur,  in  liia 
celebrated  treatise.  The  Art  of  Converling  Inm  into  St^l,  pub- 
lialied  in  1722,  says,  on  page  250,  that  "  iron  is  transformed 
into  steel  by  immersing  it  for  a  short  time  in  melted  cast 
iron,"  and  adds  that  "this  process  of  steel  manufacture  ia  in 
use  in  some  countries,  and  has  already  been  described  by  Va- 
naccio  in  hia  Pyrotechnic,  book  I.,  chapter  7."  R^umur  aays 
in  addition,  on  page  256,  that  steel  may  be  obtained  "  by  fus- 
ing iron  scrap  in  cast  iron,"  and  that  he  has  obtained  "forge" 
steel  by  thus  mixing  with  cast  iron  sometimes  one-fourth  and 
sometimes  one-third  of  wrought  iron.  The  immersion  of 
wrought  iron  in  a  bath  of  cast  iron  is  only  a  form  of  cemen- 
tation, the  absorption  of  carbon  being  the  main  object  sought. 
The  moat  common  form  of  cementation,  however,  lias  been 
described  on  a  preceding  page  by  Mr.  Turner. 

In  Dud  Dudley's  Metlailum  Martis,  published  ui  16(i5,  and 
to  be  found  reprinted  verbatim  in  the  Journal  of  the  Iron  and 
Steel  Institute  for  1872,  the  author  givea  the  following  deaerip- 
tion  of  the  early  English  foot^hlasta  and  of  the  later  Engliah 
high  blooraaries,  or  siiicko/en,  which  latter  he  says  were  still 
in  exiatence  in  England  at  the  time  hia  account  waa  written. 
With  this  extract  from  Dud  Dudley's  valuable  treatise  we 
close  our  citations  from  the  old  writers  on  the  modiieval  and 
farly  modem  processes  of  making  iron  and  steel. 

I>'t  us  liut  look  back  unto  the  umkitife'  of  iron,  by  our  an««lors,  in  foot 
blaste,  or  bloomeries,  thst  wa«  by  men  troidinB  of  the  Iwllowe,  by  whkh 
way  tliiiy  cmilii  iniiko  Iml  one  liltli'  luniji  or  blo<m»  of  inm  in  il  day,  not  lUO 
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weudit,  and  that  no4  fn?ible«  nor  fined^  cm-  malliable,  nntin  it  were  knifr  burn- 
ed and  wrooght  and^r  hammers,  and  whose  fiist  slag,  ander  or  acoriua, 
doth  contain  in  h  ae  mar-h.  or  more,  iron  then  in  that  dav  the  workman  or 
bloomer  got  oat,  which  slag,  scoria^,  or  sinder  is  by  o<ir  foonders  at  fiima- 
cef>  wrought  again,  and  found  to  contain  much  yp>n  and  easier  of  fiision 
than  any  yron  stone  or  mine  of  yron  whatsc«ver.  of  which  slag  and  sindere 
there  is  in  many  axintryes  millions  of  tons  an«i  oaks  growing  apon  them, 
verv'  old  and  rotten. 

The  next  invention  was  to  set  ap  the  bloomeries  that  went  by  water,  for 
the  ease  of  the  men  treading  the  bellows,  which  being  bigger,  and  the  water- 
wheel  causing  a  greater  blast,  did  not  onely  make  a  greater  quantity  of  iron, 
but  alsr>  extrarrted  more  iron  out  of  the  slag  or  sinder,  and  left  them  more 
{Kx^rer  of  iron  then  the  frx>t-blasts,  so  that  the  founders  cannot  meh  them 
again,  as  they  do  the  fcxit  blast  sinders  to  {HX>fit :  yet  these  bloomeries  by 
water  (not  altogether  out  of  use)  do  make  in  one  day  but  two  hundred 
fir»und  weight  of  iron,  or  there  abouts,  neither  is  it  fusible,  or  malliable,  but 
is  unfined  nntill  it  l^e  mwh  burned,  and  wrought  a  second  time  in  fire. 

With  the  exception  of  the  blast  furnace,  which  was  slowly 
developed  from  the  high  bloomary,  and  of  the  cementation 
j)rocess  for  producing  steel,  which  doubtless  originated  during 
the  period  when  the  blast  furnace  was  developed,  no  impor- 
tant improvement  in  the  manufacture  of  iron  and  steel  oc- 
curred from  the  re\ival  of  the  iron  industry  in  Europe  about 
the  beginning  of  the  eighth  century  until  we  reach  the  series 
of  improvements  and  inventions  in  the  eighteenth  centurj' 
which  have  already  been  fully  noticed  in  the  chapters  relat- 
ing to  the  British  iron  industry,  a  period  of  a  thousand  years. 
It  is  about  one  hundred  years  since  Henry  Cort  prominently 
brought  the  rolling  mill  and  the  puddling  furnace  to  the  at- 
tention of  the  ironmaking  world,  and  scarcely  a  hundred  and 
fifty  years  since  coke  was  first  successfully  used  in  the  blast 
furnace  and  steel  was  first  made  in  England  in  crucibles.  It 
is  not  two  hundred  and  fifty  years  since  the  high  bloomary,  or 
diiehofen,  was  in  use  in  England  for  the  production  of  wrought 
iron  direct  from  the  ore. 

Since  Huntsman's  invention,  which  still  gives  us  our  best 
steel,  there  have  been  many  other  improvements  in  the  man- 
ufacture of  steel,  and  more  recently  there  has  been  a  very 
great  relative  increase  in  its  production  and  use  as  compared 
with  iron,  until  it  has  become  a  hackneyed  expression  that 
this  is  the  age  of  steel.^  While  this  is  true  in  the  sense  that 
steel  is  replacing  iron,  it  is  well  to  remember  that  the  ancients 
made  steel  of  excellent  quality,  and  that  the  art  of  manufac- 
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turing  it  was  never  lost  and  has  never  been  neglected.  The 
swords  of  Damascus  and  the  blades  of  Toledo  bear  witness 
to  the  skill  in  the  manufacture  of  steel  which  existed  at  an 
early  day  in  both  Asia  and  Europe.  German  steel  was  widely 
celebrated  for  its  excellence  during  the  middle  ages,  and  steel 
of  the  same  name  and  made  by  the  same  processes  still  occu- 
pies an  honorable  place  among  metallurgical  products.  Even 
Huntsman's  invention  of  the  art  of  making  the  finest  quality 
of  steel  in  crucibles,  while  meritorious  in  itself,  was  but  the 
reproduction  and  amplification  in  a  modern  age  of  a  process 
for  manufacturing  steel  of  equal  quality  which  was  known  to 
the  people  of  India  thousands  of  years  ago. 

The  ancient  and  the  early  European  .processes  for  the 
manufacture  of  both  iron  and  steel  do  not  compare  unfavora- 
bly with  those  of  modem  times  in  the  quality  of  the  products 
they  yielded.  Modem  processes  excel  those  which  they  have 
replaced  more  in  the  uniformity  and  quantity  of  their  prod- 
ucts than  in  their  quality.  The  Germans  once  had  a  furnace 
for  making  small  quantities  of  iron  by  toilsome  manual  la- 
bor, one  name  for  which,  baveimofeii,  indicates  that  it  was  used 
by  farmers  when  they  were  not  engaged  in  cultivating  or 
securing  their  crops.  This  was  the  hlaseo/erij  or  osmund  fur- 
nace. In  the  present  age  mechanical  skill  of  the  highest  or- 
der unites  with  the  subtle  operations  of  the  chemist  to  produce 
iron  and  steel  in  such  quantities  and  with  such  uniformity 
of  product  as  to  amaze  not  only  the  modern  farmer,  who 
does  not  make  a  pound  of  iron,  but  also  the  student  of  his- 
tory, the  political  economist,  the  practical  statesman,  and  the 
man  of  all  wisdom. 


CHAPTER   IX. 


FIRST  ATfEMFr   BY   EUROPEANS   TO    MANUFACTURE 
IRON    IN    THE    UNITED   CTATEP. 

Having  traced  iu  preceding  pages,  as  briefly  as  the  im- 
portance of  tlie  Bubjw^;  would  permit,  the  early  history  of  the 
manufacture  of  iron  in  the  older  countries  of  the  world,  espe- 
cially in  Great  Britain,  our  mother  country  in  this  great  in- 
dustry as  well  as  in  national  life,  we  now  cross  the  Atlantic  to 
the  shores  of  that  part  of  the  New  World  which  comprises  the 
United  States.  In  no  other  part  of  the  American  continent 
has  tlie  manufacture  of  iron  ever  risen  to  the  dignity  of  a 
great  national  industry,  and  only  in  Canada  of  all  the  politi- 
cal divisiona  of  North  or  South  America  outside  of  the  United 
States  has  a  serious  effort  ever  been  made  to  develop  native 
iron  resources.  Indeetl  it  is  only  in  northern  latitudes  in  both 
hemispheres  that  iron  is  made  in  large  or  even  in  noticeable 
quantities.  This  fact  is  only  in  part  due  to  geological  rea- 
sons. Climate  and  race  tendencies  have  had  much  to  do  with 
the  development  of  the  metallurgical  and  all  other  productive 
industries  in  the  belt  of  the  earth's  surface  above  alluded  to, 
and  which  may  well  be  called  the  ironmaking  belt.  It  is  here 
til  at  we  find 


This  vigor  is  largely  due  to  stimulating  climatic  condi- 
tions. The  same  gentle  poet  from  whom  we  have  just  quoted 
tells  us  that 

There's  iron  in  our  northern  winils; 
Our  pinCH  are  trees  of  healing. 

It  would  not  be  profitable  to  inquire  minutely  whetlier 
the  mound-builders  or  any  other  aboriginal  inliabitants  of  the 
United  States,  or  the  aboriginal  inhabitants  of  any  other  part 
of  the  American  continent,  jjossessed  a  knowledge  of  the  use 
and  consequently  of  the  manufacture  of  iron.  It  may  be 
said  with  positiveness  that  it  has  not  been  proves!  that  they 
1  this  knowledge  even  in  the  slightest  degree,  if  we 
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except  tlie  very  rare  use  of  meteoric  iron.  Antiquarians  liavp 
not  neglected  a  subject  of  so  much  importance,  but  their  re- 
searches have  produced  only  negative  results.  Rude  hatchets 
and  other  small  implements  of  iron  have  been  foimd  in  sit- 
uations which  give  color  to  the  theory  that  tliey  may  liavf 
been  of  aboriginal  origin  and  may  have  been  made  from  iron 
ore,  but  the  weight  of  mucli  concurrent  testimony  is  wholly 
against  this  sui)i)Osition.  Foster,  in  his  Prehistoric  Ecu'es  of 
the  United  States  of  America,  aays  that  "no  implement  of  iron 
has  been  found  in  connection  with  the  ancient  civilizations 
of  America."  He  fully  establishes  the  fact  that  the  momid- 
builders  manufactured  copjier  inio  various  domestic  and  war- 
like implements,  but  adfis  that  tlie  Indians  of  North  America 
did  not  use  copper  in  any  form,  although  those  of  Central 
and  South  America  did.  Prescott,  tlie  historian  of  the  con- 
quest of  Mexico  and  Peru,  says  that  the  native  inhabitants 
of  these  countries,  who  were  at  the  time  of  the  conquest  the 
moat  advanced  in  all  the  arts  of  civilization  of  the  immediate 
predecessors  of  the  white  race  in  North  and  South  America, 
were  unacquainted  with  the  use  of  iron,  copper  serving  them 
as  a  substitute.  Our  North  American  Indians  were  certainly 
unacquainted  with  the  use  of  iron  when  the  Spaniards,  the 
English,  the  Dutch,  and  other  Europeans  tirst  landed  on  the 
Atlantic  coast.  Cotton  Mather,  in  his  Life  of  Eliot,  says  that 
among  the  Indians  of  New  England  "stone  was  used,  instead 
of  metal,  for  their  tools,"  and  other  writers  bear  like  testimo- 
ny concerning  all  our  Indians.  The  Rev.  Dr.  Joseph  Dod- 
dridge, in  his  Notes  on  the  Settlement  awl  Indian  Wars  of  the 
Western  Farts  of  Virginia,  ami  Pennsyhania,  published  in  1824, 
expresses  the  following  opinions  :  "At  the  discovery  of  Amer- 
ica the  Indians  knew  nothing  of  the  use  of  iron.  Any  peo- 
ple who  have  ever  been  in  the  habit  of  using  iron  will  be 
sure  to  leave  some  indelible  traces  of  its  use  behind  them  ; 
but  the  aborigines  of  this  country  have  left  none," 

With  regard  to  the  use  of  meteoric  iron  by  the  aboriginal 
inliabitants  of  tlie  American  continent  Professor  F.  W.  Put- 
nam, of  Harvard  University,  the  archaiologist,  writes  us  as 
follows:  "I  have  found  in  the  ancient  mounds  of  Ohio  mass- 
es of  mett'orie  iron  and  various  implements  and  ornaments 
made  by  hiimmcring  pieces  of    meteoric  iron.     Tliis  native 


iron  the  uin,'ieiif  people  of  Ohio  used  tlie  siiiiie  as  tliey  did 
native  copper,  native  silver,  and  native  gold,  simply  as  a 
malleable  metal.  None  of  our  peoples,  !■  am  confident,  un- 
tlerstood  smelting  iron  or  in  any  way  manufacturing  it  from 
iron  ore.  The  Greenland  Eskimos  made  knives  and  other 
weapons  from  the  native  iron  found  in  Greenland,  but  always 
by  hammering,  not  by  melting  and  casting.  After  contact 
with  Europeans  the  Indian  tribes  obtained  iron  in  various 
forms,  and  in  due  time  learned  to  heat  it  and  shape  it  as  a 
blacksmith  would  do." 

In  the  absence  of  any  positive  information  confirming 
the  use  of  any  otlier  than  meteoric  iron  by  any  of  the  abo- 
riginal inhabitants  of  America  the  interesting  fact  may  be 
stated  that  iron  has  recently  been  made  in  Cherokee  county 
in  the  weatern  part  of  North  Carolina  by  some  members  of 
tlie  remnant  of  a  band  of  Cherokee  Indians.  They  used  the 
primitive  Catalan  forge,  which  was  introduced  into  North 
Carolina  by  the  early  white  settlers,  and  from  the  iron  so 
produced  they  made  various  tools  and  implements.  The 
Oherokees  when  discovered  by  Europeans  were  among  the 
most  advanced  of  all  the  North  American  Indians  in  the  arts 
which  pertain  to  a  civilized  mode  of  life. 

North  Carolina  first  gave  to  Europeans  the  information 
that  iron  ore  existed  within  the  limits  of  the  United  States. 
The  discovery  was  made  in  1585  by  the  expedition  fitted 
out  by  Sir  Walter  Raleigh  and  commanded  by  Ralph  Lane, 
which  made  on  Roanoke  Island  in  that  year  the  first  attempt 
to  plant  an  English  settlement  on  the  Atlantic  coast.  In  his 
History  of  American  Manufaclures  Bishop  states  that  "  Lane 
and  his  men  explored  the  countiy  along  the  Roanoke  and  on 
botli  sidea  from  Elizabeth  river  to  the  Neuse."  Thomas  Har- 
lot, the  historian  of  the  colony  and  the  servant  of  Sir  Walter, 
says  that  "  in  two  places  of  the  countrey  specially,  one  about 
foure  score  and  the  other  sixe  score  miles  from  the  fort  or 
place  where  wee  dwelt,  wee  fouude  neere  the  water  side  the 
ground  to  be  rockie,  which,  by  the  triall  of  a  minerall  man, 
was  founde  to  hold  iron  richly.  It  is  foiinde  in  manie  places 
of  the  countrey  else,  I  know  nothing  to  the  contrarie  but 
that  it  maie  bee  allowed  for  a  good  marchantable  commod- 
itie,  considering  there  the  small  charge   for  the  labour  and 


fueding  of  men  ;  the  iiiHnite  store  of  wood  ;  the  want  of  wood 
and  deerenesse  thereof  in  England ;  and  the  necessity  of  bid- 
lasting  of  shippes."  But  no  attempt  was  made  to  utilize  this 
discovery,  as  the  colonists  were  in  search  of  gold  and  not 
iron.  In  158G  they  quarreled  with  tlie  Indians  and  returned 
to  England.  A  permanent  settlement  in  North  Carolina  was 
not  effected  until  many  years  afterwards.  Iron  ore  was  not 
mined  in  North  Carolina  nor  was  iron  made  within  its 
boundaries  until  after  many  of  the  other  colonies  had  com- 
menced to  make  iron. 

In  1G07  the  lirst  permanent  English  colony  in  the  New 
World  was  founded  at  Jamestown  in  Virginia  by  tlie  Virginia 
Company  of  Loudon,  and  on  the  10th  of  April  in  the  foUow- 
iug  year,  IfiOS,  the  company's  ship,  commanded  by  Captain 
Christopher  Newport,  sailed  from  Jamestown  loaded  with  iron 
ore,  sassafras,  cedar  posts,  and  walnut  boards,  and  on  the  20th 
of  May  it  arrived  in  England.  From  Neill's  history  of  the 
company  we  learn  that  the  iron  ore  was  smelted,  and  "seven- 
teen tons  of  metal  were  sold  at  X4  per  ton  to  the  East  India 
Company,"  This  was  undoubtedly  the  firat  iron  made  by 
Europeans  from  American  ore.  In  1610  Sir  Thomas  Gates, 
who  bad  spent  some  time  in  Virginia,  testified  before  the 
council  of  the  company,  at  London,  that  there  were  divers 
minerals,  especially  "  iron  oare,"  in  Virginia,  lying  upon  the 
surface  of  tlie  ground,  some  of  which  ore,  having  been  sent 
home,  had  been  found  to  yield  as  good  iron  as  any  in  Europe. 
The  iron  here  referred  to  was  that  which  had  been  sold  to 
the  East  India  Company. 

In  1619  the  Virginia  Company  sent  to  Virginia  a  num- 
ber of  pel-sons  who  were  skilled  in  the  manufacture  of  iron, 
to  "set  up  three  iron  works"  in  the  colony.  The  enterprise 
was  undertaken  in  that  year  and  located  on  Falling  creek,  a 
tributary  of  the  James  river,  which  it  enters  ou  its  right  or 
southern  bank  in  Chesterfield  county,  about  seven  miles  be- 
low Richmond  and  about  sixty-six  miles  above  Jamestown, 
lu  1620,  as  stated  by  Beverley  in  his  History  of  Virginia,  "an 
iron  work  at  Falling  creek  in  James  river  "  waa  set  up, "  where 
they  made  proof  of  good  iron  oar  and  brought  the  whole  work 
80  near  a  perfection  that  they  writ  word  to  the  company  in 
London  that  thev  did  not  doubt  but  to  tinish  the  work  and 
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have  plentiful  provision  of  iron  for  them  by  the  next  Eas- 
ter," in  the  spring  of  1621.  But  neither  plentiful  provision 
nor  any  other  provision  of  iron  was  made  on  Falling  creek 
in  1621,  owing  to  the  death  of  three  of  the  master  workmen 
who  had  the  enterprise  in  cliarge.  In  July  of  that  year  the 
company  sent  over  John  Berkley,  "formerly  of  Beveretone 
Caatle,  Gloucester,  a  gentleman  of  an  honorable  family,"  to 
take  charge  of  tlie  work.  He  was  accompanied  by  his  son 
Maurice  and  twenty  experienced  workmen.  In  a  letter  from 
the  company  to  the  colonial  autliorities,  dated  July  25,  1621, 
it  was  stated  that  "  tlie  advancement  of  the  iron  works  we 
esteome  to  be  most  necessarie,  by  jierfecting  whereof  we  es- 
teeme  the  plantiitiou  is  gainer.  We  therefore  require  all  pos- 
sible assistance  be  given  to  Mr.  Berkley  now  sent,  and  all  fur- 
therance to  his  ship,  esjiecially  good  entertainment  at  their 
landinge."  On  the  12th  of  August  of  the  same  year  the  com- 
pany, in  a  communication  to  the  authorities,  wrot«  respecting 
the  iron  works  and  tlie  saw  mills  which  had  been  pro3ect«d: 
"  We  pray  your  assistance  in  the  perf ectinge  of  these  two 
workes ;  the  profitt  will  redound  to  the  whole  collony,  and 
therefore  it  is  necessary  that  you  extend  your  authoritie  to 
the  utmost  lymitts  to  enforce  such  as  shnll  refuse  the  help  to 
a  business  so  much  tending  to  the  generall  good."  On  the 
5th  of  December,  1621,  the  company  again  wTQte,  enjoining 
"  all  possible  dilligence  and  industrious  care,  to  further  and 
accomplish  those  great  and  many  designes  of  salte,  sawinge 
mills,  and  iron."  In  January,  1622,  the  authorities  wrote  to 
the  company  that  "  the  care  we  have  taken  of  the  iron  workes 
we  reserve  to  be  reported  by  Mr.  Thresurer  and  Mr.  Barkley 
himself."  On  June  10th  the  company  wrote  of  "the  good 
enterance  w'"  we  have  understood  you  have  made  in  the  iron 
works  and  other  staple  comodities,"  and  added,  "  let  us  have 
at  least  by  the  next  retiirnes  some  good  (juantitie  of  iron  and 
wyne." 

But  before  this  last  letter  wa'i  written  the  colony  had  been 
visited  by  the  Indian  massacre  of  the  22d  of  March,  1622,  in 
which  John  Berkley  and  all  his  workmen  were  slain  and  the 
works  were  destroyed.  These  works  were  not  rebuilt.  Bev- 
erley, writing  in  1705,  says  that  the  project  of  iron  works  on 
Falling  creek  "has  never  been  set  on  foot  .since,  till  of  late; 
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but  it  has  not  hail  ita  full  trial."  In  1624  the  charter  of  the 
Virginia  Company  was  revoked.  And  thus  disastrously  end- 
ed the  first  attempt  by  Europeans  to  make  iron  in  America. 

The  "good  enteranee"  mentioned  in  the  company's  letter 
of  June  10th  doubtless  referred  to  sfitisfactorj'  progress  in  the 
construction  of  the  works,  but  there  is  no  positive  evidence 
that  iron  was  ever  made  on  Falling  creek.  Letters  from  Mr, 
John  Berkley  had  promised  that  "the  company  might  relye 
upon  good  quantities  of  iron  made  by  him  "  by  Whitsuntide 
of  1622,  but  the  massacre  occurred  before  that  time,  Bever- 
ley, Iiowever,  in  referring  to  the  Falling  creek  enterprise,  says 
that  "  the  iron  proved  reasonaljly  good ;  but  before  they  got 
into  the  body  of  the  mine  the  people  were  cut  off  in  that  fa- 
tal massacre."  The  ore  on  Falling  creek  is  described  as  hav- 
ing been  brown  in  color.  It  was  bog  ore,  Mr.  Berkley  de- 
clared that  "  a  more  fit  place  for  iron  workes  than  in  Vir- 
ginia, both  for  woods,  water,  mynes,  and  stone,"  was  not  to 
be  found ;  and  Mr.  George  Sandys  wrote  to  the  company  on 
the  3d  of  March,  1622,  that  Falling  creek  was  fitted  for  mak- 
ing iron  "as  if  nature  had  applyed  herselfe  to  the  wish  and 
dictation  of  tlie  workenian  ;  ■  where  also  were  great  atones, 
hardly  seene  elsewhere  in  \'irginia,  lying  on  the  place,  as 
though  they  had  beene  brought  thither  to  advance  the  erec- 
tion of  those  workes," 

We  have  failed  to  discover  whether  the  w^orks  on  Falling 
creek  embraced  a  blast  furnace  and  refinery  or  a  bloomary 
only,  but  the  frequent  references  to  building  stone  in  connec- 
tion with  the  works,  and  the  length  of  time  and  the  number 
of  workmen  occupied  in  their  erection,  lead  to  the  inference 
that  a  furnace  formed  part  of  the  enterprise.  It  also  seems 
reasonable  to  suppose  that  the  phrase,  "  three  iron  works," 
already  quoted  in  connection  with  the  plans  of  the  Virginia 
Company,  meant  a  blast  furnace,  a  finery,  and  a  chafery, 
tiiese  works  being  used  together  in  England  at  that  day. 

No  further  attempt  to  make  iron  in  Virginia  appears  to 
have  been  made  for  many  years  after  the  failure  on  Falling 
creek.  In  a  pamphlet  entitled  A  Perfed  Desci-ipfion  of  Vir- 
yi'nta,  published  at  London  in  1649j  it  is  stated  that  "  an  iron 
work  erected  would  be  as  much  as  a  silver  mine."  In  1650 
imother  pamphlet,  quoted  l>y  Bislioj),  sitys  of  iron  ore  in  Vir- 
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ginia:  "Neither  does  Virginia  yield  to  any  other  province 
whatsoever  in  excellency  and  plenty  of  this  oare."  In  1687, 
and  again  in  1696,  Col.  William  Byrd,  the  first  of  the  name 
in  Virginia,  set  on  foot  the  project  of  reviving  the  works  on 
Falling  creek,  but  it  was  not  carried  into  execution.  This  is 
the  project  referred  to  by  Beverley  in  1705  as  not  having  had 
"  its  full  trial." 

To  encourage  manufactures  in  Virginia  the  exportation 
from  the  coloily  of  hides,  wool,  and  iron  was  forbidden  by  an 
act  of  the  assembly  in  1662,  upon  penalty  of  one  thousand 
pounds  of  tobacco  for  every  hide  exported,  fifty  pounds  of 
tobacco  for  every  pound  of  wool  exported,  and  ten  pounds  of 
tobacco  for  every  pound  of  iron  exporteil.  The  iron  here  re- 
ferred to  was  doubtless  crude,  or  cast,  iron.  This  restriction 
was  removed  in  1671,  "no  successe  answering  the  conceived 
hopes  and  ap])arent  losses  accruing  to  all  inhabitants  by  the 
refusall  of  those  concerned  to  buy  the  commodityes  aforesaid," 
hilt  it  was  reimposed  in  1682.  We  can  not  learn  that  during 
the  time  covered  by  these  enactments,  and  dowu  to  the  be- 
ginning of  the  eighteenth  century,  there  was  a  single  pound 
of  iron  mauufactureil  in  Virginia.  Notwitli standing  the  en- 
couragement given  by  the  Virginia  Company  and  by  some 
succeeding  colonial  authorities  to  the  establishment  of  do- 
mestic maimfactures  the  settlers  of  Virginia  for  a  hundred 
years  after  the  settlement  at  Jamestown  devoted-  themselves 
almost  entirely  to  the  raising  of  tobacco  and  other  agricul- 
tural products. 

Mr.  R.  A,  Brock,  of  Richmond,  a  gentleman  who  has  de- 
voted much  time  to  historical  research  concerning  Virginia, 
and  who  is  at  present  corresponding  secretary  and  librarian 
of  the  Virginia  Historical  Society,  has  recently  published  an 
account  of  some  of  the  iron  enterprises  in  the  colony  in  the 
eighteenth  century,  from  which  the  following  interesting  ref- 
erence to  the  site  of  the  iron  works  on  Falling  creek  is  taken. 

The  Fftiliti^j  creek  Iract  fell  to  the  posseasion  of  Col.  Archibald  Cary 
some  lime  prior  to  the  Kevolutioiiarj'  war.  Upon  it  Le  erected  ha  well- 
known  seat,  the  name  of  which  l)ei-amL'  in  the  reconJe  of  the  period  a  part 
and  parcel  of  his  personal  JesigiiHtion  iis  Archibald  Cary  of  Amptbill. 
erected  a  new  iron  works  on  Failing  ciei-k.  "  He  purchaaed  pigs  of  iron 
friim  R«pi)tthHiiiiock,  Polowniack,  and  Maryland.  Of  these  he  made  bar 
inni.    The  jiMlitfl,  however,  were  so  fiiniil!  ihiil  lie  almiicioned  his  forge  and 
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converted  his  pond  to  the  use  of  a  grist  mill  about  176().  Nobody  then 
knew  of  any  iron  inine  convenient  to  Falling  creek." 

Falling  creek  is  about  a  mile  below  Ampthill.  Its  waters  still  furnish 
motive  power  to  a  grist  mill  owned  by  Mr.  H.  Carrington  Watkins,  and 
known  as  the  Ampthill  mill.  The  creek  is  l)ut  an  insignificant  rivulet 
above  the  mill,  but  some  twenty  yards  below  it  widens  into  a  handsome 
little  lake,  and  some  quarter  of  a  mile  thence  empties  into  James  river. 

About  sixty  yards  from  the  mill,  on  the  western  bank  of  the  creek  and 
nearing  the  river,  the  writer  picked  up  several  small  pieces  of  furna**e 
cinder,  presumptive  relics  of  the  iron  works  of  1622.  The  bluff  adjacent 
and  incumbent  has,  it  is  evident,  from  repeated  washings  of  the  soil,  near- 
ly covered  the  exact  original  site. 

On  the  opposite  side  of  the  creek,  and  to  the  east  of  the  mill,  is  clearly 
indicated  the  site  of  the  forge  of  Archibald  Gary.  Here  we  found  numer- 
ous pieces  of  slag  or  cinder,  some  of  them  fully  a  hundred  pounds  in 
weight,  and  an  irregular  area,  an  acre  or  more  in  extent,  covered  with 
finely-broken  or  comminuted  charcoal  to  the  depth  of  fiilly  t\^  feet;  a 
memorial  of  the  fiiel  used. 

We  were  informed  that  about  half  a  mile  l^elow  Falling  creek,  near 
James  river,  there  is  a  low  piece  of  ground  known  to  this  day  as  Iron  Bot- 
tom, where  may  be  found  plentifiilly  what  is  known  as  bog  iron  on  the  sur- 
fece.  It  will  be  recollected  that  the  iron  ore  already  cited  as  being  men- 
tioned by  Sir  Thomas  Gates  was  described  as  "  lying  on  the  surfiice  of  the 
ground."  We  have  also  learned  since  our  visit  to  Falling  creek  that  at  a 
point  upon  its  banks,  distant  inward  about  two  miles  from  the  site  of  the 
iron  works,  there  are  numerous  pits  some  five  or  six  feet  in  depth,  which  it 
is  evident,  from  the  mineral  character  of  their  surroundings,  furnished  the 
crude  ore  for  the  original  and  ill-starred  works. 

In  the  eighteenth  century  Virginia  became  very  promi- 
nent in  the  manufacture  of  iron,  fulfilling  in  an  eminent 
degree,  although  at  a  late  day,  the  expectations  which  had 
been  entertained  of  its  iron-producing  capabilities  by  the 
enterprising  but  unfortunate  Virginia  Company  of  London. 
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CHAPTER   X. 

BEGINNING  OF  THE  MANUFACTURE  OF  IRON  IN  THE 

NEW  ENGLAND  COIX)NIES. 

Although  iron  ore  in  this  country  was  first  discovered 
in  Nortli  Carolina,  and  the  manufacture  of  iron  was  first 
undertaken  in  Virginia,  the  first  successful  iron  works  were 
established  in  the  province  of  Massachusetts  Bay.  In  1632 
mention  is  made  by  Morton  of  the  existence  of  "  iron  stone  " 
in  New  England,  and  in  November,  1637,  the  general  court 
of  Massachusetts  granted  to  Abraham  Shaw  one-half  of  the 
benefit  of  any  "  coles  or  yron  stone  w*'**  shal  be  found  in  any 
comon  ground  w*^**  is  in  the  countryes  disposeing."  Iron  ore 
had  been  discovered  in  the  flat  meadows  on  the  upper  parts 
■I  of  the  Saugus  river,  near  Lynn,  soon  after  its  settlement  in 

ti  1629,  and  in  1642  specimens  were  taken  to  London  by  Rob- 

ert Bridges  in  the  hope  that  a  company  might  be  formed  for 
the  manufacture  of  iron.  This  hope  was  soon  realized  in  the 
formation  of  "  The  Company  of  Undertakers  for  the  Iron 
Works,'^  consisting  of  eleven  English  gentlemen,  who  advanc- 
ed £1,000  to  establish  the  works.  John  Winthrop,  Jr.,  had 
previously  gone  to  England,  and  he  appears  to  have  assisted 
Mr.  Bridges  in  securing  the  organization  of  the  company,  be- 
coming a  member  of  the  company,  as  did  others  among  the 
colonists.  Mr.  Endicott,  of  Salem,  in  a  letter  to  Governor 
'  Winthrop,  dated  December  1,  1042,  siiys :  "I  want  much  to 

:  hear  from  your  son's  iron  and  steel."    Thomas  Dexter  and 

Robert  Bridges,  both  of  Lynn,  were  among  the  original  pro- 
moters of  the  enterprise.  In  his  History  of  Tjifmi  (1844)  Alon- 
zo  liOwis  says  that-  in  1643  **  Mr.  John  Winthrop,  Jr.,  came 
from  England  with  workmen  and  stock  to  the  amount  of  one 
thousand  pounds  for  commencing  the  work.  A  foundry  was 
erected  on  the  western  bank  of  Saugus  river.  The  village  at 
the  foundry  was  called  Ilannnersmith  by  some  of  the  princi- 
pal workmen,  who  came  from  a  place  of  that  name  in  Eng- 
land." In  NewhalPs  revision  of  Lewis's  history,  published  in 
1865,  the  iron  works  are  said  to  have  been  located  near  the 
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site  of  the  present  woolen  factories  in  Simgus  Centre,  not  far 
from  Lynn,  where  large  heaps  of  scoria  are  still  to  be  seen. 
"  This  iron  foundry  at  Lynn,"  says  Lewis,  "  was  the  first 
which  was  establislietl  in  America."  Iron  is  not  now  man- 
ufactured at  or  near  Lynn,  except  in  its  secondary  forms. 
There  are  here  large  iron  foundries,  and  also  wire  works, 
nail  works,  and  various  other  iron  enterprises  of  a  reproduc- 
tive character. 

In  1644  and  subsequently,  as  stated  by  Lewis,  the  general 
court  granted  many  special  privileges  to  the  company.  On 
March  7,  1644,  it  was  granted  three  miles  stiuare  of  land  at 
each  of  six  places  it  might  occupy  in  the  prosecution  of  its 
business.  On  November  13,  1644,  it  was  allowed  three  years 
"  for  y*  perfecting  of  their  worke  and  furnishing  of  y*  country 
witli  all  sorts  of  barr  iron."  The  citizens  were  granted  liber- 
ty to  take  stock  in  the  enterprise  "  if  they  would  complete 
the  fimery  and  forge,  as  well  as  the  furnace,  which  is  already 
set  up."  On  May  14,  1645,  Uie  general  court  passed  an  or- 
der declaring  that  "y  iron  worke  is  very  successful  (both  in 
y*  richness  of  y'  ore  and  y°  goodness  of  y'  iron),"  and  that 
between  j£l,200  and  i'1,500  had  already  been  disbursed,  "with 
which  y'  furnace  is  built,  with  that  which  belongeth  to  it,  .  . 
and  some  tuns  of  sowe  iron  cast  in  readincs  for  y"  forge.  .  . 
There  will  be  needo  of  some  f  1,500  to  finish  y'  forge."  On 
October  14th  of  the  same  year  the  company  was  granted 
still  further  privileges  by  the  general  court,  on  the  condi- 
tion "that  the  inhabitants  of  this  jurisdiction  be  furnished 
witli  barr  iron  of  all  sorts  for  their  use,  not  exceeding  twentye 
pounds  per  tunn,"  and  that  the  grants  of  land  already  made 
should  be  used  "  for  the  building  and  seting  up  of  six  for- 
ges, or  furnaces,  and  not  bloomaries  onely."  The  grant  was 
confirmed  to  the  company  of  the  free  use  of  all  materials 
"for  making  or  moulding  any  manner  of  gunnes,  potts,  and 
all  other  cast-iron  ware."  On  May  6,  1646,  Richard  Leader, 
the  general  agent  of  the  company,  who  is  described  as  being 
a  man  of  superior  ability,  purchased  "  some  of  the  country's 
gunnes  to  melt  over  at  the  foundery."  On  August  4,  1648, 
Governor  Wiuthrop  wrote  from  Boston  to  his  son,  who  had 
removed  to  Pequod,  Connecticut,  that  "  the  iron  work  goeth 
on  with  more  hope.     It  yields  now  about  7  tons  per  week." 
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^>Ti  Sepcember  SOtli  he  writes  again:  "The  furnace  runs  8 
n«>Q;?  per  week,  and  their  bar  iron  is  as  good  as  Spanish.'^ 

Nrwhdll  quotes  from  a  Lynn  account  book  for  1651  the 
following  entry:  "James  Leonnarde,  15  days  worke  about 
tmnerey  ehimneye  and  other  worke  in  y*  forge,  1  :  13  :  0. 
To  ditto  Leonard  for  dressing  his  bellows  3  times,  1  :  10  :  0." 
Eiiwani  Johnson,  of  Wobum.  in  describing  Lynn  in  1652, 
in  his  IVimder  Wotkimj  Pixnriiience,  printed  in  1654,  says  that 
"  there  is  also  an  iron  mill  in  constant  use ; "  and  Mr.  Lewis 
states  that,  prior  to  1671,  "  the  iron  works  for  several  years 
were  carried  en  with  vigor,  and  furnished  most  of  the  iron 
used  in  the  colony."  .Vfter  1671  they  were  fitfully  operated, 
and  about  16SS  they  appear  to  liave  been  finally  abandoned. 
Their  ovraers  were  hamsseii  after  1651  with  frequent  lawsuits, 
arising  from  the  overflow  of  the  wat«^  in  the  dam.  The  fear 
that  the  works  would  crejite  a  scarcity  of  timber  also  appears 
to  have  addeil  to  their  unjx>pularity.  Rev.  William  Hubbard, 
in  his  Present  State  of  Xew  Emjland,  printed  in  1677,  says  that 
"a  work  was  set  up  at  Lynn  upon  a  very  commodious  stream, 
which  was  verj'  much  promoteii  and  strenuously  carried  on 
for  some  time,  but  at  length,  instead  of  drawing  out  bars  of 
iron  for  the  country's  use,  there  was  hammered  out  nothing 
but  contentions  and  lawsuits.'' 

From  the  foregoing  details  it  is  plainly  established  that 
the  enterprise  at  Lynn  embraced  a  blast  furnace,  or  "  found- 
ery,"  and  a  refinery  forge.  The  term  foundery  was  long  a 
STOonym  for  furnace,  castings  being  made  directly  from  the 
furnace,  as  has  been  previously  stateil.  This  usage  contin- 
ued in  this  country  down  to  about  the  middle  of  the  present 
century,  and  it  is  still  followed  in  some  European  countries. 
That  the  furnace  was  in  operation  in  May,  1645,  is  certain, 
and  that  the  forge  was  in  operation  in  September,  1648,  is 
equally  certain.  These  dates  may  be  accepted  as  definitely 
determining,  respectively,  the  first  successful  attempts  in 
this  country  to  make  *'  sowe  iron  "  and  other  castings  in  a 
blast  furnace  and  to  make  *'  barr  iron  *'  in  a  refinery  forge 
from  "  sowe  iron." 

Mr.  Nathan  M.  Hawkes,  of  Lynn,  furnished  to  the  Maga- 
zine of  Ameruxin  Historf/  for  November,  1889,  the  following 
ilcscri{)tion  of  the  exact  site  of  the  Lynn  iron  works. 
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Midway  between  Suleiii  and  Buet<m,  the  first  and  second  cupitale  of 
Maasaohiisette,  there  flows  a  serpentine  httle  Htreaui  called  the  Sausua  by 
Ihe  Indians  and  Ibeir  Engliflli  succeBsors.  Tide-wuter  niet^ta  the  down-flow- 
ing fresh  water  two  milea  from  the  bay  between  Round  Hill  on  the  weet 
and  the  dark  forest  on  the  east.  Just  where  the  cnrrente  lap  each  other  on 
the  bank  of  the  stream  b  a  long  sloping  mound  like  a  sea-eerpent's  bark, 
which  to  the  paeser-by  seemn  but  a  freak  of  nature.  The  hand  of  man, 
however,  wrought  that  earUi-work.  At  this  )K)int  was  the  upper  ferry  eroea- 
ed  in  the  eiirly  days  by  Endicott  and  Winthrop  and  all  the  Ptiritan  wor- 
thies in  tlie  infancy  of  New  England.  Tlie  mound  which  lies  at  this  point 
upon  the  river-ltank,  and  i»  known  to  the  nativeB  as  "  the  cinder  banks,"  is 
the  heaped-up  scoria^the  retbse,  the  remainder,  the  sweepings  of  an  iron 
foundry  which  was  in  f\ill  blast  before  the  rvd  man  had  uist  his  last  linger- 
inij  look  upon  his  beloved  river  and  u|K)n  the  blue  waters  of  the  Atlantic 
beyond.  The  fleecy  snows  have  mantled  it,  the  sun  liae  scorched  it  for  two 
renturic£i,  and  only  an  wrasional  curious  observer  has  disturbed  its  scanty 
covering  of  vegetation  for  Honie  relic  of  the  first  manufacturing  industry  of 
the  continent. 

The  bog  ore  was  largely  taken  from  the  nicadowB  of  the  famia  of  Mr, 
Adam  Mawkes,  two  miles  north  of  the  works.  Mr.  Hawkea  fiiroiahed  the 
ore,  and  he  was  also  the  persistent  plaintiff  in  many  suit«  against  the  com- 
jiany  for  flowing  his  lands.  It  is  an  interesting  feet  tliat,  while  the  Puritans 
Bbandone<l  all  the  mother  country  restrictions  concerning  tlic  conveyance  of 
land,  these  fields  tliat  became  the  property  of  Adam  Hawkes,  and  the  site 
where  he  built  his  first  house,  about  1630,  have  never  been  alienated  finni 
hie  &mily.  but  are  still  occupied  by  his  lineal  descendants  and  are  yet  in  the 
Ntme  name.  This  tenacity  of  holding  is  an  English  trait,  but  it  is  rare  even 
in  New  England  to  witness  a  land  tenure  so  long  unbroken. 

Joseph  Jenks  was  a  machinist  at  the  Lynn  works  who 
had  come  from  Hammersmith  in  England  and  was  a  man  of 
much  skill  and  inventive  genius.  He  prepared  the  moulds 
for  the  first  castings  that  were  made  at  Lynn.  "A  small  iron' 
\Kt,  capable  of  containing  about  one  quart,"  was  the  first  ar- 
ticle cast  at  the  furnace.  In  1844  it  was  in  tlie  possession  of 
Mr.  Iicwis's  mother,  who  was  a  lineal  descendant  of  Thomas 
Hudson,  tlie  first  o«-ner  of  the  lands  on  Saugus  river  on  which 
the  iron  works  were  built,  and  who  obtained  possession  of  the 
pot  immediately  after  it  was  cast,  "  which  he  preserved  as  a 
curiosity."  "It  has  been  handed  down  in  the  family  ever 
since,"  wrote  Mr.  Lewis  in  1844.  Mr.  C  M.  Tracy,  of  Lynn, 
writes  us  in  1890  that  by  some  carelessness  years  ago  one  leg 
of  the  pot  was  broken  off.  when  a  leaden  one  was  made  and 
clumsily  substituted,  but  the  remainder  of  the  pot  "  is  per- 
fect to-day."  "It  is  of  the  old  dinner-pot  pattern,"  adds  Mr. 
Tracy,  "and,  although  holding  only  about  a  quart,  is  heavy 
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enougli  to  Diake  three  in  the  liands  of  a  modem  founder."! 
This  first  iron  utensil  ctist  in  this  country  is  now- in  the  j 
session  of  two  sons  of  Alonzo  Lewis,  residing  at  Etna  Place^l 
Lynn,     Their  names  are  Llewellyn  and  Arthur  Lewis. 

Joseph  Jenks,  who  became  the  founder  of  a  noted  Ne# 
England  family,  purchased  from   Richard   Leader  ou  Jaui£ 
ary  20,  1647,  the  privilege  of  building  a  forge  at  the  Lyn: 
iron  works  for  tlie  manufacture  of  scythes  and  oljier  i 
tools.     This  enterprise  was  successful.     In  1G52  he  made  i 
these  iron  works,  for  the  mint  which  was  that  year  estabj 
lislied  at  Boston,  the  dies  for  the  first  silver  pieces  coined  i 
New  England.    Ou  one  side  of  these  coins  was  the  impression 
of  a  pine  tree;  hence  the  name  by  wliich  they  have  sinc^ 
been  known,  "pine-tree  shillings."    In  1654  he  made  for  t 
city  of  Boston  the  first  fire  engine  made  in  America.     In  16i 
the  general  court  granted  him  a  patent  for  an  improvedJ 
scythe.     His  name  is  also  associatfld  with  other  inventions.  ' 
He  died  in  1683.     Mr.  Hawkes  says  of  the  st-jihe  which  he 
invented:  "This  improvement  consisted  in  lengthening  the 
blade,  making  it  thinner,  and  welding  a  stjuare  bar  i 
back  to  strengthen  it,  as  in  the  scji,he  of  to-day.     Before  tlifl 
the  old  Englisli  blade  was  short  and  thick  like  a  bush  scytbej 
This  invention  lightened  the  labor  and  cheered  the  hearts  ( 
merry  mowers  till  the  mowing  macliine  of  our  day  sup* 
ed  the  old  emblem  of  the  husbandman." 

Henry  and  James  Leonard  were  also  skilled  workmen  I 
Lynn.  Tliey  and  their  descendants  were  afterwards  identifiei 
with  many  colonial  iron  enterprises.  The  family  name  is  tin 
most  noted  in  the  annals  of  the  Mew  England  iron  indust 
Rev.  Dr.  Fobes,  in  referring  to  the  Leonard  family  in  his  3 
jxigraphical  Dtamption  of'  ItatfiUtam,  unih  its  Uuittrry,  written  i 
1793,  says  thnt"tlie  circumstance  of  a  family  attachment  t 
the  iron  manufacture  is  so  well  knoH^l  a.-^  to  render 
inon  observation  in  this  pari  of  Iho  country,  'Where  you  c 
Hml  iron  works  there  you  will  find  a  Leonanl.'"  Henry  am 
James  Lt-onard  are  snid  to  )iave  learned  tJieir  trade  at  1 
typool,  in  Monmouthshire,     'i'liey  were  forgemen. 

The  seooiKl  iron  enterprise  that  wa.i  undertaken  in  Neiri 
Kngland  embraced  a  furnace  and  forge  at  Braintree,  in  N019 
folk  county,  about  ten  miles  south  of  BoetotL    Tb--  w 
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Lynn  and  Braintree  belonged  to  tlie  soiue  company.  Bishop 
says  that  on  the  19th  of  November,  1643,  a  grant  of  3,000 
acres  of  the  common  land  at  Braintree  was  made  to  Mr,  Win- 
throp  and  iiis  partners,  the  Lynn  company,  "  for  the  encour- 
agement of  an  iron  work  to  be  set  up  about  Monotcot  river." 
The  true  spelling  of  tlie  name  of  this  river  is  Monontocot. 
But  this  grant,  according  to  Lewis,  was  not  surveyed  until 
January  11,  1648.  On  the  29th  of  September,  1645,  as  stated 
by  Lewis,  the  first  purchase  of  land,  consisting  of  twenty  acres 
"for  a  forge  at  Braintree/'  was  made  from  George  Rugbies  by 
Richard  Leader,  wlio  was  the  general  agent  for  tlie  company 
of  undertakers.  The  furnace  was  probably  built  in  1646, 
Robert  Child,  writing  from  Boston  on  the  15th  of  March, 
1047,  to  John  Winthrop,  Jr.,  "at  Pequot  river,"  says  of  the 
Lynn  and  Braintree  enterprises :  "  We  have  cast  this  winter 
some  tuns  of  pots,  likewise  mortars,  stoves,  skillets.  Our  pot- 
ter is  moulding  more  at  Brayntree  as  yet,  which  place  after 
another  blowing  wc  shall  quit,  not  finding  mine  there."  We 
find,  however,  that  iron  ore  was  mined  at  Braintree  in  the 
early  part  of  1652,  and  that  on  the  28th  of  September  of  that 
year  it  was  proposed  at  London  on  behalf  of  the  undertakers 
to  employ  William  Osborne  at  "  Brantry  furnas  &  fordges." 
Operations  at  the  works  were  suspended  in  1653,  owing  to  the 
scarcity  of  ore.  Henry  Leonard  is  said  to  have  superintend- 
ed tlie  erection  of  the  Braintree  works,  although  James  Leon- 
ard was  certainly  connected  with  them,  residing  at  Braintree 
in  1653,  when  he  removed  to  Taunton.  John  Gifford  was 
the  manager  of  the  Braintree  works,  according  to  Newhall. 
In  ICol  he  succeeded  Richard  Leader  as  the  agent  for  the 
works  at  Lynn.  John  Adams  and  his  son,  John  Quincy 
Adams,  were  both  natives  of  Braintree. 

The  next  iron  enterprise  in  New  England  was  located  in 
the  town,  or  township,  of  Taunton,  (now  Raynham,)  in  Bristol 
county,  two  miles  from  the  city  of  Taunton.  This  enterprise 
was  undertaken  in  1652  by  a  company  composed  of  citizens 
of  Taunton,  who  employed  Henry  and  Jaraea  Leonard  and 
Ralph  Russell  aa  practical  ironworkers.  At  a  town  meeting 
(it  Taunton,  held  October  21, 1652,  "  it  was  agreed  and  grants 
ed  by  the  town  to  the  said  Henry  Leonard  and  James  Leon- 
ard, bis  brother,  and  Ralph   Russell  free  consent  to  come 
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hither  and  join  with  certain  of  our  inhabitants  to  set  up  a 
bloomery  work  on  the  Two-mile  river."  The  works  thus 
projected  were  put  in  operation  in  1656.  These  works,  which 
must  be  called  the  Taunton  forge,  are  referred  to  by  Lewis 
as  ''  Leonards'  celebrated  iron  works."  But  the  Leonards  con- 
tributed nothing  toward  their  erection  except  their  skill  as 
ironworkers,  James  Leonard  owning  but  half  a  share  in  the 
stock  of  the  company  and  his  brother  not  being  a  stockholder 
at  all.  George  Hall  was  the  first  clerk  and  manager,  which 
position  he  held  almost  continuously  until  his  death  in  1669. 
His  successors  were  John  Hall  and  others  until  1683,  when 
Captain  Thomas  Leonard  became  the  manager,  and  so  con- 
tinned  until  his  death  in  1713.  The  forge  long  continued  in 
a  prosperous  condition.  Bar  iron  was  made  directly  from 
the  ore.  As  Henry  Leonard  was  again  at  Lynn  in  1655,  and 
as  James  Leonard  does  not  appear  to  have  been  there  after 
1052,  it  is  certain  that  the  latter  and  his  sons  and  descend- 
ants were  the  only  Leonards  who  became  completely  iden- 
tified with  the  active  operations  of  the  Taunton  forge.  The 
Leonards  long  continued  their  connection  with  the  Taunton 
works  as  master  workmen.  Ralph  Russell  did  not  remain 
at  Taunton,  and  is  said  to  have  established  a  forge  at  Rus- 
sell's Mills,  "which  place  received  its  name  from  him." 

There  seems  to  have  existed  a  strong  bond  of  friendship 
between  James  Leonard  and  King  Philip,  the  sachem  of  the 
Wampanoags.  Elisha  Clarke  Leonard,  in  an  address  in  1886 
before  the  Old  Colony  Historical  Society,  at  Taunton,  fully 
[)roves  that  in  1665  Philip  gave  to  James  Leonard  the 
deed  for  a  neck  of  land  embracing  about  150  acres,  "lying 
by  Mr.  Brinton's  land  at  Matapoyset,  being  bounded  on  each 
side  by  a  brook,"  it  being  the  intention  of  Mr.  Leonard  to 
"  set  up  a  mill  or  iron  work  if  occasion  were."  But  the  deed 
was  not  confirmed  by  the  colonial  authorities,  and  Mr.  Leon- 
ard was  deprived  of  the  Indian^s  gift. 

In  an  address  read  before  the  Old  Colony  Historical  So- 
ciety, at  Taunton,  in  July,  1884,  Captain  J.  W.  D.  Hall  said 
that  the  hammers  and  other  heavy  iron  machinery  for  the 
Taunton  "  bloomerie "  came  from  abroad ;  also  that,  on  the 
division  of  Taunton  in  1731,  the  iron  works  were  included  in 
the  new  town  of  Raynham.     He  also  said  that  "  the  works 


imule  from  20  to  30  tons  annually,  which  brouglit  from  £400 
to  £675,  averagujg  about  $100  a  ton  of  our  currency.  About 
'  a  year  ago  the  old  buildings  were  demolished,  and  the  privi- 
lege, dam,  and  foundation  walls  alone  remain  of  the  ancient 
Taunton  iron  works  of  224  years — the  oldest  successful  iron 
manufactory  in  New  England." 

The  Tiiunton  forge,  aaya  Fobes  in  1793,  was  situated  on 
"the  great  road,  and,  having  been  repaired  from  generation 
to  generation,  it  is  to  this  day  still  in  employ."  In  William 
Read  Deane's  Genealixfi<-al  liecmd  of  (he  Leonard  Family,  pub- 
lished in  1851,  it  ia  stated  that  "the  old  forge,  though  it  has 
been  Bcvcral  times  remodeled,  has  been  iii  constant  use  for 
nearly  two  liundre<l  years,  and  is  now  in  the  full  tide  of  auc- 
Gee9fu1  operation.  It  is  owned  by  Theodore  Doaii,  Esq.,  who 
18  descended  from  the  Leonards."  The  forge  was  at  that  time 
emjiloyed  in  the  manufacture  of  anchors.  In  1865  it  was 
rtill  80  employe<l.  with  four  forge  iires,  two  hammers,  and  two 
water-wheels,  but  about  tliat  time  it  ceased  to  be  active  and 
haa  since  been  abandoned  and  dismantled. 

In  1657  the  general  court  of  Massachusetts,  owing  to  the 
failure  of  the  undertakers  at  Lynn  and  Braintree  to  furnish 
the  colony  with  a  constant  supply  of  iron,  "whereby  unsuf- 
ferable  damage  may  accrew,"  granted  to  the  inhabitants  of 
Concord  and  Lancaster,  and  such  as  they  should  associate 
with  them,  "liberty  to  erect  one  or  more  iron  workes  within 
the  limitta  of  theire  omie  toune  bounds,  or  in  any  common 
place  neere  thereunto."  That  this  grant  resulted  in  the  es- 
tablishment of  iron  works  at  Concord  appears  probable  from 
the  grant  by  the  court  in  WJGO,  to  "y*  company  in  partner- 
ship in  the  iron  worke  at  Concord,"  of  "  free  liberty  to  digg 
mine  nithout  molestation  in  any  lauds  now  in  the  court's 
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About  1668  Henry  Leonard  went  to  Rowley  village,  25 
miles  northeast  of  Lynn,  as  stated  by  Newhall,  "  and  there 
established  iron  works."  Lewis  says  that  in  1674  Henry 
Leonard's  sons,  Nathaniel,  Samuel,  and  Thomas,  contracted  to 
t»rry  on  these  works  for  the  owners,  whose  names  are  given 
by  Bishop  as  "John  Ruck  and  others  of  Salem."  The  works 
iHd  not  prove  to  be  profitable.  After  ^tablishiug  tlie  Rowley 
works  Henry  Leonard  went  to  New  Jersey,  "  and  there  again 


engaged  in  the  iron  manufacture,"  At  some  time  previous  to 
liis  removal  to  New  Jersey  be  appears  to  have  been  connected 
with  the  establishment  of  iron  works  at  Canton,  about  four- 
teen miles  south  of  Boston. 

Otiier  iron  enterprises  in  Massachusetts  speedily  followed 
those  that  have  been  mentioned.  In  1677  one  of  these  works, 
the  name  of  which  has  not  come  down  to  us,  was  destroyed 
by  the  Indians.  About  the  same  year  iron  was  made  at  Topa- 
field,  near  Ijiswieh,  and  in  1680  its  manufacture  was  com- 
menced at  Boxford,  Hubbard,  wTiting  about  1677,  says  that 
at  that  time  there  were  in  the  colonies  "  many  convenient 
places,  where  very  good  iron,  not  much  inferior  to  that  of 
Bilbao,  may  be  produced,  as  at  this  day  is  seen  in  a  village 
near  Topsfield,  seven  or  eight  miles  west  from  Ipswich."  Mr. 
Tracy,  however,  informs  us  that  there  is  a  tradition  that  the 
Topsfield  works  were  never  very  productive. 

From  the  address  of  Captain  Hall  we  glean  the  following 
additional  information  concerning  early  Taunton  iron  works, 

Wbittington  iron  works,  on  Mill  river,  were  built  by  James 
Leonard,  senior,  "forgenian,"  in  1670.  These  works  embraced 
a"bloomerie  with  one  hearth."  Mr.  Leonard's  tliree  sous, 
Joseph,  Benjamin,  and  Uriah,  having  served  in  the  Taunton 
iron  works  at  the  "  refining  and  bloomerie"  trade,  worked  the 
forge.  They  also  had  a  grist  mill  at  the  same  place.  Cap- 
tain Hall  says  that  "  this  was  the  location  of  James  Leonard's 
iron  works."  James  Leonard  died  in  1691.  The  Wbittington 
bloomary  was  continued  by  his  sons  and  by  their  succes- 
sors for  more  than  a  hundred  years.  During  the  first  fifty 
years  it  was  supplied  with  bog  ore  mined  in  the  vicinity  of 
"Seadding's  moire"  and  pond,  and  "along  up  Mill  river  to 
Winneconnet  pond," 

In  the  years  1696  and  1697  the  Chartley  iron  works  were 
built  on  Stony  brook,  within  the  limits  of  Taunton  North 
Purchase,  "  The  iron  work  and  tools  required  were  made  at 
tlie  Taunton  iron  works."  These  works  were  built  by  Thom- 
as and  James  Leonard,  and  embraced  only  a  bloomary  for  the 
manufacture  of  bar  iron.  They  went  into  operation  in  1698, 
In  1713  George  Leonard  became  the  sole  owner  of  these 
works  and  greatly  enlarged  them.  The  above  enterprise  was 
the  origin  of  the  noted  Leonard  iron  works  of  Norton,  and 
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one  of  the  chief  causes  of  tho  organization  and  incorpora- 
tion of  that  town  in  1711.     Native  bog  ore  was  always  usetl. 

A  small  forge,  or  "  bloomerie,"  to  use  bog  ore,  was  built 
about  1695  "  at  Taunton  line,  on  Three-mile  river,  near  the 
present  site  of  North  Dighton  fiTmace,"  by  Richard  Stephens, 
"in  connection  witli  his  son  and  others."  In  1739  tliese  works 
were  enlarged.  They  appear  to  have  been  kept  in  operation 
until  near  the  close  of  the  eighteenth  century. 

"The  first  hollow-ware  manufactory"  in  the  Old  Colony 
of  New  Plymouth  was  King's  furnace,  built  on  Littleworth 
broolt,  in  the  eastern  part  of  Taunton,  in  1724  and  1725,  by 
a  stock  company  of  which  John  King  was  the  principal  mem- 
ber; hence  the  name,  King's  furnace.  In  1725  the  casting  of 
hollow-ware  was  commenced,  from  the  size  of  a  pint  kettle  to 
a  ten-pail  cauldron.  The  ore  first  used  was  bog  ore  found  in 
the  neighborhood.  Tliis  furnace  was  a  successful  enterprise. 
It  was  rebuilt  in  1816,  when  it  "employed  about  30  moulders 
and  men,  doing  a  large  business."  Its  wares  were  even  trans- 
ported to  New  York  "  by  sloops  at  Weir  village,  which  on 
their  return  brought  pig  iron  and  ore  from  New  Jersey." 
The  furnace  was  in  operation  for  several  years  after  1839. 

The  Hopewell  iron  works,  einbracing  a  bloomary  only, 
were  built  on  Mill  river,  in  Taunt«n,  in  1739  and  1740,  by 
Captain  Zephaniah  Leonard,  to  make  bar  iron  from  bog  ore. 
The  bloomary  was  succeeded  by  a  rolling  and  slitting  mill, 
erectetl  by  John  Adam  in  1776  and  1777.  In  1782  the  prop- 
erty passed  into  the  hands  of  Samuel  Leonard  and  others,  of 
Taunton.  Captain  Hall  says  that  "  Russia  and  Swede  iron, 
imported  in  bars,  were  rolled  and  converted  into  rods  for  the 
best  of  hammered  nails,  furnishing  partial  employment  for 
many  farmer  nailers  within  an  area  of  a  dozen  miles.  Fi- 
nally, the  business  proving  unprofitable,  the  works  were  aban- 
doned."   We  pass  over  other  early  Taunton  iron  works. 

For  a  hundred  years  after  its  settlement  in  1620  Massa^ 
thusetts  was  the  chief  seat  of  the  iron  manufacture  on  this 
uimtinent.  Most  of  its  iron  enterprises  during  tliis  hundred 
years  were  ore  bloomaries,  but  there  were  blast  furnaces  also, 
although  the  latter  as  a  rule  produced  only  hollow-ware  and 
other  castings  and  not  pig  iron.  During  the  period  men- 
tioned  the   iron   industry  of   Massachusetts   was   confined   to 
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the  eastern  counties  of  the  colony,  where  bog  and  pond  ores 
formed  the  only  kinds  of  ore  that  were  obtainable.  Char- 
coal was  the  only  fuel  used,  and  wat^r-power  was  the  only 
power  employed. 

The  English  settlement  at  New  Haven  closely  followed 
Massachusetts  in  the  manufacture  of  iron.  John  Winthrop, 
Jr.,  who  removed  from  Lj-nn  to  Pequod,  (New  London,)  Con- 
necticut, in  1645,  had  obtained  from  the  general  court  in  the 
preceding  year  permission  to  set  up  an  iron  work,  and  in 
1651  he  obtained  a  graqt  of  certain  privileges  to  enable  him 
to  "adventure"  in  the  raanufactiu-e  of  iron;  but  be  does  not 
seem  to  have  embarked  in  the  iron  business  until  some  time 
subsequently.  On  May  30,  1655,  as  we  learn  from  Bishop, 
it  was  ordered  by  the  assembly  of  New  Haven  "  that  if  an 
iron  worke  goe  on  within  any  part  of  this  jurisdiction  the 
persons  and  estates  constantly  and  onely  imployed  in  that 
worke  shall  be  free  from  paying  rates."  In  1658  Captain 
Thomas  Clarke,  in  company  with  John  Winthrop  and  oth- 
ers, put  in  operation  an  "iron  worke"  at  New  Haven,  and  in 
1669  he  seems  to  have  been  atill  engaged  in  tlie  same  enter- 
prise, for  in  that  year  the  general  court  of  Connecticut  con- 
tinued the  exemption  already  noted  for  another  seven  years, 
"for  encouragement  of  the  said  worke  in  supplying  the 
country  with  good  iron  and  well  wrought  according  to  art." 
This  enterprise  embraced  a  blast  furnace  and  a  refinery  forge. 
On  the  22d  of  June,  1663,  John  Davenporte  wrote  from  New 
Haven  to  John  Winthrop,  Jr.,  as  follows;  "The  freshest 
newes  here,  &  that  which  is  e  re  vesira,  is  tliat  they  have  bene 
blowing  at  the  iron  worke,  and  have  rmme,  from  the  last  fJtli 
day  to  this  2d  day,  5  sowes  of  iron,  which  are  commended  for 
very  good;  &  this  night  it's  tliought  they  will  run  another, 
&  begin  to-morrow  to  make  pola.  The  worke  is  hopeful,  but 
the  workemon  are  thought  to  be  very  chargeable  and  fro- 
ward."  This  frowardnesa  was  due  apparently  to  the  influ- 
ence of  an  old  enemy  of  iron  works  and  ironworkers,  John 
Barleycorn.  Bishop  records  "  a  proposition  made  in  May, 
1662,  '  in  y'  behalfe  of  Capt  Clarke,  that  wine  and  liquors 
drawn  at  the  iron  workes  might  be  custome  free,'  which  was 
allowed  to  the  extent  of  one  butt  of  wine  and  one  barrell  of 
liquors,  and  no  more." 


IRON   IN   ALL   AGES.  119 

Khode  Island  made  iron  soon  after  its  settlement  in  1636, 
certainly  at  Pawtucket  and  elsewhere  as  early  as  1675,  when 
a  forge  at  Pawtucket,  erected  by  Joseph  Jeiiks,  Jr.,  son  of 
Joseph  Jenks,  the  machinist  at  Lynn,  was  destroyed  by  the 
Indians  in  the  Wampanoag  war,  as  well  as  other  iron  works 
and  infant  enterprises.  A  third  Joseph  Jenks  was  Gover- 
nor of  Rhode  Island  from  1727  to  1732.  The  few  iron  enter- 
prises that  were  established  in  this  colony  in  the  sevcntcentli 
century  used  bog  or  pond  ore,  but  in  the  succeeding  century 
rock  ore  was  also  used.  There  is  a  deposit  of  magnetic  iron 
ore  in  Cumberland  township,  known  as  Cumberland  hill. 
This  hill,  or  mountain,  is  described  as  forming  "a  homo- 
geneous mass  of  iron  ore,  about  500  feet  long  by  150  feet 
wide  and  104  feet  high,  or,  in  bulk,  equal  to  about  1,000,000 
tons  above  water  level,  while,  as  the  deposit  shows  an  indefi- 
nite extension  in  depth,  the  quantity  of  this  ore  may  be  said 
to  be  practically  inexhaustible."  Hematite  ore  was  found  at 
Cranston. 

Iron  does  not  appear  to  liave  been  made  within  the  limit's 
of  Maine,  New  Hampshire,  or  Vermont  until  the  eighteenth 
century. 

We  now  give  an  engraving  of  the  Lynn  pot,  the  first 
iron  article  made  from  native  ore  in  America,  cast  at  Lynn, 
Massachusetts,  in  1645,  and  still  preserved.  This  engraving 
is  from  a  photograph  obtained  in  1890  for  this  work  by  Mr. 
C.  M.  Tracy,  of  Lynn.  The  pot  weighs  2  pounds,  13  ounces ; 
its  capacity  is  1  quart  less  1  gill ;  its  inside  measurement  ia 
4.5  inches  wide  by  4.5  inches  deep. 
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CHAPTER   XL 

EXTENSION  OF  THE  MANUFACTURE  OF  IRON  IN 

NEW  ENGLAND. 

In  his  valuable  essay  on  the  iron  ores  and  iron  enter- 
prises of  Plymouth  county,  Massachusetts,  printed  in  1804, 
Dr.  James  Thacher  says :  "  Tlie  first  furnace  for  smelting 
iron  ore  known  in  the  county  of  Plymouth  was  erected  in  the 
year  1702  by  Lambert  Despard  (a  founder)  and  the  family  of 
Barkers,  his  associates,  at  the  mouth  of  Mattakeeset  pond  in 
the  toA\Ti  of  Pembroke,  but  the  wood  in  the  vicinity  being 
exhausted  the  works  were  long  since  abandoned."  In  James 
Torrey*s  History  of  Scituate,  in  Plymouth  county,  written  in 
1815,  mention  is  made  of  an  iron  enterprise  in  the  township 
of  Scituate,  as  follows  :  "  In  1648  Mr.  Timothy  Hatherly,  the 
principal  founder  and  father  of  the  town  of  Scituate,  request- 
ed liberty  of  the  colony  to  erect  an  iron  mill.  It  was  granted 
in  1650,  conditional  to  be  erected  within  three  years,  or  the 
privilege,  certain  woodlands  about  Mattakeeset  pond,  (now 
Pembroke,)  to  revert  to  the  colony.  It  did  not,  however,  take 
place  at  that  period,  but  *  a  smelting  furnace  was  erected  on 
the  precise  grant  by  Mark  Despard  and  the  family  of  Barker 
about  1702.' "  The  enterprise  of  Des{)ard  and  the  Barkers 
was  speedily  followed  by  the  erection  of  a  bloomary  forge 
on  Bound  brook,  near  Hingham,  in  1703,  by  a  company  in 
which  two  brothers,  Daniel  and  Mordecai  Lincoln,  were  part- 
ners. In  Torrey's  History  of  Scituate  mention  is  made  of  the 
erection  of  the  Drinkwater  iron  works,  near  Abington,  about 
1710,  by  a  person  named  Mighill,  probably  Rev.  Thomas  Mig- 
hill.     Hingham  and  Abington  are  both  in  Plymouth  county. 

About  1722  a  bloomary  forge  was  built  at  Bridgewater, 
which  was  active  in  1750.  In  1738  Hugh  Orr,  a  Scotchman, 
established  at  this  place  a  gun  factory,  and  about  1748  he 
made  five  hundred  muskets  for  the  {)rovince  of  Massachu- 
setts Bay,  which  are  claimed  to  have  been  the  first  muskets 
manufactured  in  this  country.  Subsequently  he  established 
a  caj?t-iron  cannon  foundry  at  Bridgewater,  and  was  instru- 
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mental  in  promoting  various  other  manufacturing  enterprises. 
In  1730  iron  worka  were  erected  at  Plympton,  now  Carver, 
which  appear  to  have  embraced  a  blast  furnace,  as  mention 
is  made  of  "the  first  caat-iron  tea-kettle"  having  been  cast  at 
Plympton  between  1760  and  1765.  Bishop  says:  "That  im- 
portant utensil  had  been  previously  made  of  wrought  iron, 
and  was  imported  from  England,  A  copper  tea-kettle  was  first 
used  at  Plymouth,  whence  Carver  was  chiefly  settled,  in  1702," 

The  first  slitting  mill  in  the  colonies  for  slitting  nail  rods 
is  said  by  tradition  to  have  been  erected  at  Milton,  in  Nor- 
folk county,  as  early  as  1710.  Bishop  accords  this  honor  to 
Middleborough,  in  Plymouth  county,  at  a  later  day,  but  he 
does  not  give  the  date  of  its  erection,  except  to  indicate  by 
the  context  that  it  was  built  before  1750.  We  have  in  our 
possession  a  very  excellent  draft  of  a  slitting  mill  at  Middle- 
borough  which  is  said  to  Imvo  been  built  by  Judge  Pet«r 
Oliver  in  1751  and  which  was  abandoned  in  1830.  This  draft 
ia  by  William  H.  Harrison,  of  Braintree,  Massachusetts.  It 
may  be  found  reproduced  in  the  IVaimicliime  of  the  Ameri- 
can Society  of  Mechanical  Engineers  for  1881. 

Mr.  Tracy  writes  to  us  that  in  the  old  records  of  Essex 
county,  Massachusetts,  is  this  surprising  undate<I  entry,  insert- 
ed between  two  other  entries  dated  May  20th  and  June  17th, 
1650:  "A  caveat  is  recorded  of  y*  sale  of  y"  slitting  mill  in  Lyn 
by  Rich"  Lafder  for  tenn  powndes  to  Capt.  Will"'  Hathorne." 

In  1731  there  were  officially  reported  to  be  in  Massachu- 
setts "several  forges  for  making  bar  iron,  and  some  furnaces 
for  cast  iron  or  hollow-ware,  and  one  slitting  mill,  and  a  man- 
ufacture for  nails."  The  slitting  mill  referred  to  was  located 
at  either  Milton  or  Middleborough.  At  the  same  time  there 
wore  in  all  New  England  "six  furnaces,  meaning  hollow-ware 
furnaces,  and  nineteen  forges,  meiining  bloomariea,  not  re- 
fineries." "At  that  time,"  says  Douglass,  in  his  British  SettU- 
merds,  "we  had  no  pig  furnaces  nor  refineries  of  pigs"  in  New 
England.     Refineries  were  in  use  about  twenty  years  later. 

There  were  officially  reported  to  be  four  slitting  mills  in 
Massachusetts  in  1750 — two  at  Middleborough,  one  at  Hano- 
ver, and  one  at  Milton ;  also  a  plating-forge  with  a  tilt-ham- 
mer, and  one  steel  furnace.  In  1750  Douglass  thus  described 
the  iron  industry  of  New  England  : 
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Iron' is  a  considerable  article  in  our  manufocture;  it  coneiBts  of  theee 
general  bisni^hes :  (1)  Smelting  furnaces  reducing  the  ore  into  pigs  ;  having 
coal  enough  and  appeamnL-«8  of  rock  ore.  In  Attleborough  were  erected  at 
a  great  dmrgo  throe  furnaces,  but  the  ore  proving  bad  and  ecaice  this  pnv 
jection  miacnrried  aR  to  pigs.  Tiiey  were  of  use  in  testing  of  small  cannon 
for  ahipe  of  lettere  of  marque,  and  in  casting  cannon-balls  and  bombs  toward 
the  reduction  of  Louisbonrg.  (2)  Relineries  which  nianaftcture  pigs,  im- 
ported from  New  York,  Penngylvania,  and  Maryland  fiirnaces,  into  bar  iron, 
(3)  Blooniaries,  which,  from  bog  or  swamp  ore,  without  any  fiimace,  only  by 
B  fo^e  hearth,  reduce  it  into  a  bloom  or  se mi-liquidated  lump  to  be  beat 
into  bare,  but  much  inferior  to  those  from  the  pigs  or  roflneriee.  (4)  Swamp 
ore  fiU'naces ;  from  that  ore  smelled  Uiey  cost  hollow-ware  whieh  we  can 
afford  chea|>er  than  from  England  or  Holland. 

Bog  or  Bwamp  ore  lies  from  half  a  foot  to  two  feet  deep.  In  about  20 
years  from  digging  it  i^ws  or  gathers  fit  for  another  digging;  if  it  lies 
longer  it  turns  rusty  and  does  not  yield  well.  Three  tuns  of  swamp  ore 
yield  about  one  ton  of  hollow-ware.  One  hundred'and  twenty  bushels  of 
charcoal  are  sufficient  to  smelt  rock  ore  into  one  ton  of  pigs.  The  com- 
plement of  men  for  a  fin^ace  is  eight  or  nine,  besides  cutters  of  wood, 
coalers,  carters,  and  other  common  laborers. 

In  Tt'ew  England  we  have  two  slitting  mills  for  nail  rode :  one  in  Mil- 
ton, eight  miles  from  Boston,  and  anotlier  in  Middleborough,  aljout  thirty 
miles  from  Boston,  wliich  are  more  than  we  have  occasion  for.  Our  nailorti 
can  afford  spikes  and  large  nails  cheaper  than  from  England,  but  small 
nails  not  so  cheap. 

Id  New  England  they  do  not  forge  bar  iron  sufficient  for  their  home 
consumption  by  bloomaries  and  refineries ;  they  import  from  England,  New 
York,  Jersies,  Pennsylvania,  and  Maryland. 

The  development  of  the  rich  brown  hematite  iron  ores 
of  Western  Massachusetts  commenced  about  1750.  It  ia  said, 
however,  that  as  early  as  1731  iron  ore  was  taken  on  horse- 
back in-leather  bags  to  Ousatonic,  now  Great  Barrington,  in 
Berkshire  county,  from  Old  Plill  mine,  in  Litchfield  county, 
Connecticut,  a  distance  of  sixteen  niiles,  and  worked  in  blooni- 
ary  forges.  A  furnace  was  built  at  Lenox,  in  Berkshire  coun- 
ty, in  1765,  and  it  made  pig  iron  in  the  following  year.  It 
had  an  exceptionally  high  stack  for  that  day^28  feet  high, 
and  was  blown  witli  one  tuyere.  This  furnace  was  torn  down 
in  1881.  Previous  to  1773  a  furnace  was  built  at  Furnace 
village,  in  Worcester  county,  and  a  few  years  after  that  date 
there  were  several  bloomaries  and  one  refinery  forge  in  the 
same  county.  In  1793  the  county  contained  several  manu- 
factories of  edge  tools,  hardware,  machinery,  etc.  In  the 
township  of  Sutton  there  were  at  this  time  one  axe,  one  hoe, 
and  five  scythe  manufactories,  and  several  naileries.     In  the 
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whole  county  there  were  seventeen  trip-lianimere.  At  Spring- 
field, in  Hampden  couuty,  as  stated  by  Bishop,  some  cannon 
were  cast  and  some  forcing  was  done  during  the  Revolution, 
but  small  arms  were  not  made  here  until  after  the  peace.  The 
Government  armory  at  Springfield  was  established  in  1794. 

While  the  iron  industry  of  Massachusetts  was  being  ex- 
tended westward  it  made  rapid  progress  in  the  eastern  coun- 
tie9.  Charlotte  furnace  at  Middlehorough  was  built  in  1758, 
and  was  in  operation  for  many  years.  During  our  two  wars 
with  the  mother  country  it  was  employed  in  casting  shot  and 
ahelb.  The  shot  which  the  ConsHtniion  carried  in  her  conflict 
with  the  Guerrih-e  were  cast  at  this  furnace.  In  1784  there 
were  scventy-aix  iron  works  in  Massachusetts, "  many  of  them 
small."  At  Amesbury,  in  Essex  county,  a  furnace  was  erect- 
etl  about  1790,  and  at  Boxborough,  in  Middlesex  county,  a 
blooniary  forge  was  built  about  the  same  time.  In  1795  Dr. 
Morse  reported  eleven  slitting  uiills  in  Bristol,  Norfolk,  and 
Plymouth  counties,  which  rolled  and  cut  in  that  year  1,732 
tons  of  iron  into  hoops  and  nail  rods.  Bishop  says  that  "  the 
two  counties  of  Plymouth  and  Bristol  had  in  operation  in 
1798  fourteen  blast  and  six  air  furnaces,  twenty  forges,  ami 
seven  rolling  and  slitting  mills,  in  addition  to  a  number  of 
trip-hammers  and  a  great  number  of  nail^and  smith  shops. 
Cut  and  hammered  nails,  spades  and  shovels,  card  teeth,  saws, 
scythes,  metal  buttons,  cannon  balls,  hells,  fire  arms,  sheet 
iron  for  tin  ware,  wire,  etc.,  were  made  in  large  quantities." 
In  180-1  there  were  ten  blast  furnaces  in  Plymouth  county,  all 
producing  eastings  exclusively.  In  1830  only  three  of  these 
were  left — Charlotte,  Federal,  and  Pope's  Point,  all  in  Carver 
township,  and  all  in  operation.  There  were  also  in  1804  ten 
forges  in  the  same  county,  whicli  were  principally  employed 
in  working  "old  iron  scraps,"  broken  pots,  kettles,  etc.,  and 
produced  in  all  about  200  tons  of  bar  iron  per  annum. 

Dr.  James  Thacher,  who  was  a  part  owner  of  Federal  fur- 
nace, wrote  in  1804  a  description  of  this  furnace,  which  was 
built  in  1794,  and  is  said  by  him  to  have  been  the  most  valu- 
able furnace  with  which  he  was  acf|uaiuteil,  tlie  manufacture 
of  castings  being  "  there  prosecuted  to  great  extent  and  ad- 
\'antage."  The  furnace  was  built  of  stone,  as  were  all  other 
i'lvmoulh  funiiices.     It  was  20  feel  high  and  24  feet  s<|uare, 
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its  walls  being  7  feet  thick  and  its  interior  10  feet  in  diameter. 
Charcoal  was  the  only  fuel  used,  and  marine  shells  formed 
the  only  fluxmg  material.  The  furnace  was  lined  with  "  fire 
<tone  '*  composed  of  "  soft  slate."  A  brick  funnel  at  the  top  of 
the  stack  served  "  to  convey  off  the  blaze  and  smoke."  The 
Doctor  continues  his  description  as  follows : 

At  the  bottom  of  an  arc'h  in  the  front  of  the  furnace  is  an  aperture, 
from  which  the  workmen  remove  the  scoria  and  dip  out  the  metal.  And  in 
^mother  arch  on  one  side  there  is  a  small  aperture  for  the  insertion  of  the 
ptpesi  of  two  lai^  bellows  22  feet  long  and  4  feet  wide,  which  being  kept  in 
vxYistant  alternate  motion  by  the  agency  of  a  water-wheel  25  feet  diameter, 
a  powerful  current  of  air  is  excited ;  and  being  impelled  upon  the  surface 
of  the  fuel  the  fiision  of  the  metal  is  greatly  accelerated.  The  whole  of  this 
machinery  is  included  in  a  large  wooden  building,  affording  accommodation 
to  the  workmen  with  their  apparatus  for  moulding  and  casting. 

The  specific  articles  manufactured  at  the  Federal  fiimace  are,  besides 
hi>llow-ware  of  every  description,  Seymour's  patent  rolls  for  slitting  mills,  of 
a  superior  quality,  cast  in  iron  cylinders,  potash  kettles,  stoves,  fire-backs 
and  jambs,  plates,  gudgeons,  anvils,  large  hammers,  cannon  shot  of  every 
kind,  with  a  vast  variety  of  machinery  for  mills,  etc. 

The  ores  used  in  the  furnaces  and  bloomaries  of  Eastern 
Massachusetts  in  the  eighteenth  century  were  chiefly  native 
bog  and  pond  ores.  Dr.  Thacher  says,  however,  that  in  1804 
"  a  very  considerable  proportion  of  ore  smelted  in  our  furna- 
ces is  procured  from  the  very  productive  mines  at  Egg  Har- 
bor in  the  State  of  New  Jersey,  of  a  reddish  brown  color,  pro- 
ducing from  30  to  40  per  cent,  of  excellent  iron.  The  usual 
price  is  S6.50  per  ton."  He  also  says  that  **  reddish  brown  " 
ore  in  large  lumps  was  obtained  from  a  mine  on  Martha's 
Vineyard,  "  affording  about  25  per  cent,  and  worth  §6  per 
ton."  The  pond  ores  contained  from  20  to  30  per  cent,  of 
iron,  and  the  average  price  was  about  §0  per  ton  at  the  fur- 
nace. Bog  ore,  found  in  swamps  and  other  low  places,  was  of 
a  *'  rusty  brown  color,  yielding  about  IS  per  cent,  and  worth 
^4  per  ton  at  the  furnace."  The  following  letter  from  the 
Rev.  Isaac  Backus,  of  Middleborough,  dated  July  25,  1794, 
gives  a  description  of  the  manner  in  which  pond  ores  were 
obtained  at  that  time. 

\'ast  quantities  of  in)n,  l)oth  cast  and  wrou<xht,  have  l>een  made  in  this 
part  of  the  country'  for  more  than  a  hundretl  years  past ;  but  it  was  chiefly 
out  of  lx)g  ore,  until  that  kind  was  iiuich  exhausted  in  these  parts,  and  then 
a  rich  treasure  wa.«  <»i)ened  in  Mid41eboroujrh,  which  had  been  long  hid 
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ftom  the  inhabitantB.  About  the  year  1747  it  was  diecovered  that  there  was 
iron  mine  in  the  bottom  of  our  great  pond  at  Asaowaniset ;  and  afli?r  some 
ycare  it  liecunie  the  main  ore  (hat  was  used  in  the  town,  both  at  ftimaeea 
and  fnrjKP,  and  much  of  it  has  been  carried  into  the  neighboring  places  for 
the  anme  pnri>ope.  Men  iio  out  with  b(jata,  and  make  use  of  instruments 
much  like  those  with  which  oyatere  are  taten,  to  get  up  the  ore  from  the 
iHiEtom  of  till'  pond.  I  am  told  that,  for  a  number  of  yean^  a  man  wouM 
take  up  and  brin^'  to  eliore  two  tone  of  it  in  a  day ;  but  now  it  is  ao  much 
exfaauHt«d  that  tialf  a  ton  in  reckoned  a  good  day'a  work  for  one  man.  But 
in  an  a<tjiu:ent  pond  is  now  plenty,  where  the  water  is  twenty  feet  deep,  and 
much  IN  token  up  from  that  depth,  as  well  as  from  sboaler  water.  It  ban 
also  been  plenty  in  a  pond  in  the  town  of  Carver,  where  they  have  a  flir- 
nace  upon  the  stream  wbich  runs  fkim  it.  Much  of  the  iron  which  is  made 
from  thiit  ore  is  better  than  they  could  make  out  of  bog  ore,  and  some  of  it 
in  as  good  as  almost  any  refined  iron.  The  quantity  of  thia  treasure,  »hii<li 
faatb  been  taken  out  of  the  bottom  of  clear  ponds,  is  eaid  to  have  been 
a  much  OS  live  hundred  tons  In  a  year. 


Before  proceeding  further  we  may  here  refer  to  the  first 
steel  works  in  Masaaehusett-s.  In  1750  it  was  officially  re- 
ported that  there  was  then  in  Massachusetts  "one  furnace  for 
making  steel,"  hut  its  location  is  not  given.  The  first  steel 
works  in  Massachiisetta  of  which  we  can  obtain  circuinatan- 
tial  information  were  established  at  Easton,  in  Bristol  county, 
in  1775  or  1776,  by  Eliphalet  Leonard.  In  the  early  purt  of 
1826  there  appeared  in  the  Boston  Patriot  a  letter  written  by 
Jonathan  Leonard,  of  Canton,  in  Norfolk  county,  wbich  we 
find  reprinted  in  the  New  England  Historiccd  and  Genealogical 
Begisfer  for  October,  1857,  and  from  which  wo  take  the  fol- 
lowing extracts. 

As  to  the  making  of  steel,  the  first  attempt  made  in  this  country  so  far 
as  my  knowledge  gow  was  by  my  &ther,  Eliphalet  I.«onard,  at  Easton, 
about  the  year  1775  or  '76.  He  was  led  to  that  attempt  by  the  extreme 
scarcity  of  steel  and  the  difSrulty  of  procurinj^  it  for  his  manufiutory  of 
flre^rms,  then  in  great  demand  for  the  defense  of  the  country.  He  con- 
structed several  furnaces,  and  so  &r  surf«eded  as  to  supply  himself  and 
some  of  the  most  urgent  wants  of  his  neifrhborN. 

In  1787  I  obtained  further  insight  into  the  business,  and  erected  at 
Easton  a  furnace  capable  of  making  three  tone  at  a  batch.  This  was  con- 
tinued until  1808,  when,  in  consequence  of  the  commercial  reetriiitious,  I 
erected  another  at  the  same  place  capable  of  making  ten  tons  at  a  batch, 
and  afterwards  from  twenty  to  tliirty  tons  a  year.  In  1813  I  erected  an- 
other furnace  at  Canton,  where  I  now  live,  where  I  -made  at  times  about 
one  hundred  tons  of  st««l  a  year. 

Towairls  the  close  of  the  Revolution  Samuel  Dowuing,  of  Trenton,  New 
ileney,  made  considerable  blistered  steel.  During  the  progrees  of  the  Kev- 
olulion  a  certain  tJennan  at  Cuml>erland,  in  Rhode  Island,  made  steel  from 
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the  pig  after  the  mode  of  his  t'oiintrj'.  During  the  finine  time  some  it-«f( 
made  at  Amenia,  in  the  State  of  New  York.  In  1809  a  steel  fumaoe  ww 
put  in  operation  at  Middleborough  and  another  at  Canton  by  Adam  Kins- 
ley,  and  another  at  Plymouth.  About  the  year  1799  steel  was  made  at  C^- 
ton  bv  Leonard  &  Kinelev  after  the  (lorman  manner,  and  afterwards  bv 
Dunbar  &  I^onard.  The  manufacture  of  blistered  steel  is  carried  on  ex- 
tensively in  New  York  and  Philadelphia. 

Cast  steel  has  got  much  into  use  within  a  few  years.  Some  was  made 
here  during  the  late  war,  but  it  was  then  diflicult  to  obtain  clay  that  woold 
endure  a  heat  sufficient  to  melt  and  take  it  out  of  the  fire. 

There  was  one  Daniel  Pettybone  who  pretended  that  he  invented  the 
welding  of  cast  steel  with  borax  and  got  a  jmtent  for  his  invention  aboat 
the  year  1802.  He  put  the  blacksmiths  under  contribution,  and  after  his 
patent  had  run  out  he  petitioned  Congress  to  renew  it  I  told  them  thai 
it  was  an  art  considerably  well  known  among  blacksmiths,  and  I  procared 
several  depositions  from  aged  blacksmiths  to  prove  that  they  had  done  it 
in  this  country  as  early  as  the  year  1772,  and  occasionally  from  that  time 
to  1819.  Cast  steel  had  l>een  welded  to  iron  in  Canton  in  1792,  six  yean 
before  Pettybone  dated  his  invention.  This  was  done  by  the  use  of  borax. 
It  has  likewise  l)een  done  by  the  help  of  bog  iron  ore  powdered  fine  and 
sprinkled  on  the  steel  when  at  a  white  heat,  and  formed  at  that  tempera- 
ture a  kind  of  gluey  (glassy)  substimce  which  would  stick  the  bars  together. 

The  steel  referred  to  by  the  writer  of  the  foregoing  letter 
as  having  been  made  by  his  father  and  himself  was  cement- 
ed steel,  otherwise  known  as  blister  steel.  The  statement 
which  he  makes  concerning  the  manufacture  of  steel  "  from 
the  pig,"  "  after  the  German  manner,"  is  very  important,  as 
it  shows  that  this  method  of  making  steel  was  in  use  in  this 
country  in  the  last  century  side  by  side  with  the  manufac- 
ture of  blister  steel — a  fact  not  generally  known  in  our  day. 

In  the  same  letter  Mr.  Leonard  gives  the  following  infor- 
mation concerning  the  blast  furnaces  of  Eastern  Massachu- 
setts in  182() :  "  There  are  if  I  mistake  not  ten  or  twelve  blast 
furnaces  at  this  time  in  the  counties  of  Plymouth  and  Bris- 
tol, and  one  in  Norfolk.  General  Leach  seems  to  have  taken 
the  lead  of  late  years  in  the  furnace  business.  The  iron  made 
from  bog  ore  at  his  furnaces  in  Easton  and  Foxborough  is 
thought  to  be  softer  and  better  than  in  other  places  for  ma- 
chinery." Bog  ore  was  therefore  used  in  blast  furnaces  in 
Massachusetts  as  late  as  1826.  More  than  thirty  years  ago 
Professor  J.  P.  Lesley  wrote  of  the  old  bog-ore  furnaces  of 
Massachusetts  as  follows :  **  The  old  blast  furnaces  of  Plym- 
outh county,  making  a  i>oor  iron,  in  very  small  quantities, 
from  an  ochreous  ore  dug  from  the  diluvium  of  the  pond 
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bottoms,  are  almost  forgotten.  Traditions  of  Uiein  remain 
only  as  jests  at  the  primitive  ways  they  were  aet  to  work  in. 
One  is  destTibed  as  situated  on  the  bank  of  a  stream  and 
lashed  to  a  large  tree  to  protect  it  from  the  freshets ;  when  an 
onler  came  for  a  few  tons  of  iron  the  neighboring  farmers 
assembled  and  blew  it  in.  Small  furnaces  and  poor  ore  they 
served  tlieir  day  and  are  forgotten  ;  obliterated  by  the  over- 
rush  of  two  commercial  iron  deluges,  one  from  the  English 
importers  and  the  other  from  the  anthracite  manufacturers." 
In  1721  Samuel  Bissell,  a  blacksmith  of  New|>ort,  Rhode 
Island,  received  a  loan  of  two  hundred  pounds  from  the  colo- 
nial treasury  to  enable  him  to  carry  on  the  manufacture  of 
nails.  In  1735  Samuel  Walflo  erectetl  a  furnace  and  foundry 
on  the  Pawtuxet  river,  in  Rhode  Island,  which  were  after- 
wards known  as  Hope  furnace.  These  are  said  to  have  been 
the  most  important  iron  works  in  the  State  during  the  eigh- 
teenth century.  Cannon  and  otlier  eastings  were  made  here. 
During  the  Revolution  tliey  were  active  in  producing  cannon, 
cannon  balls,  and  other  munitions  of  war.  Hope  furnace 
was  located  on  the  north  branch  of  the  Pawtuxet.  In  1705 
Stephen  Hopkins,  a  signer  of  tlie  Declaration  of  Independ- 
ence, "  began  to  work  a  bed  of  iron  ore  in  the  southeastern 
p&rt  of  Scitnate,"  as  we  leani  from  his  biography  written  by 
William  E.  Foster,  and  in  1769,  as  wc  are  informed  by  the 
same  authority,  he  b^an  the  manufacture  of  iron  at  Hope 
furnace  in  company  witli  Nicholas  and  Moses  Brown  and 
Israel  Wilkinson.  About  the  year  1735  three  furnaces  were 
erected  in  Cumberland  township,  in  the  northeastern  part  of 
the  State,  but  they  seem  to  have  been  abandoned  before  tJie 
Revolution.  They  made  "  cannon,  bombs,  and  bullets  "  dur- 
ing the  French  war  of  1755.  In  1741  iron  works  were  in 
operation  on  the  south  branch  of  the  Pawtuxet  river,  in  the 
town  of  Warwick,  "for  the  refining  of  iron."  They  were 
owned  by  tlie  sons  of  Jabez  Greene.  One  of  these  son*  was 
Nathanael  Greene,  the  father  of  Major  General  Nathanael 
Greene  of  the  Revolution,  who  was  himself  trained  to  work 
on  the  farm  and  at  the  forge.  In  1770  he  was  in  charge 
of  a  forge  at  Coventry,  in  Rhode  Island,  which  was  known 
as  Greene's  forgo.  In  1789  a  rolling  and  slitting  mill  was 
catablished  near  Providence,  on  one  of  the  branches  of  Provi- 
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di'iice  I'ivor,  and  before  ISOO  a  rolling  and  slitting  mill  had  , 
been  established  at  Pawtucket  Falls  and  other  iron-manu- 
facturing  enterprises  in  various  parts  of  the  State.  Bishop 
Bays  that  "  manufactures  of  iron,  including  bar  and  sheet 
iron,  steel,  nail  rods  and  nails,  farming  implements,  stoves, 
pots,  and  other  castings  and  household  utensils,  iron  works 
for  shipbuilders,  anchors,  and  bells  formed  the  largest  brand) 
of  productive  industry  in  the  State  toward  the  close  of  the 
eighteenth  century." 

The  iron  made  in  Rhode  Island  in  the  eighteenth  century 
was  obtained  from  native  bog  ore  in  large  part,  but  native 
hematite  and  magnetic  ore  were  also  used,  the  latter  coming 
from  Cumberland  hill,  which  haf  been  referred  to  in  tlie  pre- 
ceding chapter.  We  give  below  some  extracts  from  a  letter 
to  the  New  York  2^-ibune,  written  in  October,  1873,  and  dated 
at  Providence,  Rhode  Island,  which  contained  a  historical  ac- 
count of  Cumberland  hill,  or  Cumberland  iron  mountain. 

During  the  French  war,  ae  early  as  17f>6,  the  inhahitante  of  thie  colony 
made  from  the  ore  from  thin  very  mine,  mixed  with  a  hematite  ore  from 
Cranston,  Rhode  Island,  cnimon  whii;h  were  used  in  the  sen-ice  against  the 
French  and  IndiHnp,  and  thiin  it  liae  aided  in  carrying  out  the  rar-reaching 
policy  of  the  p-eat  Pitt,  In  18(KI,  also,  cannon  were  again  caat  from  these 
ores  at  Hope,  a  small  village  on  the  Pawtuxet  river,  in  thie  Btate,  for  John 
Brown  of  Providence,  who  had  a  contract  with  the  Government  at  this  dste 
to  ftimish  it  guns ;  and,  what  is  singuiar,  the  guns  were  cast  hollow,  a  sup- 
posed modem  invention.  At  tlie  foot  of  the  mini^  is  a  meeting-house,  with 
the  dale  "A.  11. 1700"  over  tlie  door,  the  beams  and  joials  of  which  would 
to-day  be  too  unwieldy  even  for  ship  timber.  Though  Rhode  Island  people 
have  not  appeared  to  recognize  the  importance  of  this  poeseBsion,  still 
miiny  places,  such  as  Easlon,  in  Maflsachusetls,  wliich  early  entered  into 
the  production  of  iron,  have  regubrly  carted  from  thin  mine  their  supply. 

Litchfield  county,  in  Northwestern  Connecticut,  contains 
hematite  iron-ore  mmes  of  great  value,  from  which  the  ore 
for  the  celebrated  Salisbury  iron  has  been  taken  for  over  a 
hundred  and  fifty  years.  As  early  as  1734  a  bloomary  forge 
was. erected  at  Lime  Rock,  in  Litchfield  county,  by  Thomas 
Lamb,  which  produced  from  500  to  700  pounds  of  iron  per 
day.  A  blast  furnace  was  afterwards  added  to  this  forge  at 
Lime  Rock,  ajid  it  is  still  active  in  1890.  About  1748  a  forge 
was  erected  at  the  village  of  LakeviUe,  then  called  Furnace 
village,  in  the  same  county,  and  in  17G2  John  Haseltine, 
Samuel  Forbes,  and  Ethan  Allen  purchased  the  profierty  and 
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built  a  blast  furnace  at  Lakeville,  but  soon  afterwards  sold  it 
to  Charles  and  George  Caldwell,  of  Hartford.  It  made  two 
and  a  half  tons  of  iron  in  twenty-four  hours,  and  three  tons 
of  ore  and  250  bushels  of  charcoal  were  used  per  ton  of  iron. 
Its  blowing  apparatus  consisted  of  a  pair  of  leather  bellows 
driven  by  a  water-wheel.  In  1768  the  furnace  was  sold  to 
Richard  Smith,  of  Hartford.  Smith  was  a  royalist  and  fled 
to  England  during  the  Revolution,  but  his  furnace  was  used 
to  produce  large  quantities  of  cannon,  camion  balls,  shells, 
etc,,  for  the  Continental  army.  After  the  Revolution  it  made 
cannon  for  the  navy,  potash  kettles  weighing  nearly  half  a 
ton  each,  and,  pig  iron  for  forges  and  foundries.  This  fur- 
nace was  abandoned  in  1S30  or  1831,  as  we  are  informe<l  by 
Samuel  S.  Robbins,  president  of  tlie  Lime  Rock  Iron  Com- 
pany, now  in  his  87th  year.  Colonel  Ethan  Allen,  one  of  the 
original  owners  of  Lakeville  furnace,  was  one  of  the  conspic- 
uous figures  of  the  Revolution.  He  was  born  in  Litchfield 
county,  but  removed  to  Vermont  while  still  a  young  man. 

A  bloomary  forge  on  Mount  Riga,  in  Litchfield  county, 
was  built  about  1781  by  Abner  or  Peter  Woodin.  It  was  af- 
terwards owned  by  Daniel  Ball,  and  was  called  Ball's  forge. 
About  1806  Seth  King  and  John  Kelsey  commenced  to  build 
a  furnace  on  Mount  Riga,  but  they  were  not  able  to  finish 
it,  and  in  1810  it  fell  into  the  hands  of  HoUey  A  Coffing, 
who  completed  it  in  that  year  and  operated  it  for  many  years. 
The  forge  and  furnace  have  long  been  abandoned.  The  lat- 
ter was  in  operation  as  late  as  1856, 

About  thirty  furnaces  have  been  built  and  operated  with- 
in a  radius  of  thirty  miles  of  Lakeville,  a  few  of  which  were 
in  New  York  and  Massachusetts,  hut  the  majority  were  in 
Connecticut,  At  the  close  of  the  eighteenth  century  Litch- 
field county  contained  many  bloomaries,  which  made  iron 
directly  from  the  ore,  and  three  slitting  mills.  At  the  same 
time  this  county  was  so  prominent  in  the  manufacture  of 
nails  that  only  Plymouth  and  Bristol  counties  in  Massachu- 
setts, of  all  the  nail-making  districts  in  the  country,  exceeded 
its  production.  The  iron  of  Litchfield  county  is  now  used 
entirely  for  foundry  purposes,  and  most  of  it  is  used  in  the 
manufacture  of  car  wheels.  The  first  foundry  for  melting 
pig  iron   in  the  Salisbury  district  was  built  at  Lime  Rock 


about  1830  and  soon  afterwards  was  purchased  by  Milo  Bar- 
num,  the  founder  of  the  present  Bamum  Richardson  Com- 
pany, and  the  father  of  Hon.  William  H.  Bamum.  Charcoal 
ia  the  only  fuel  used  in  the  blast  furuaces  of  this  district. 

The  annual  meeting  of  the  United  Stales  Association  of 
Charcoal  Iron  Workers  in  October,  1885,  toot  place  at  New 
York,  but  an  excursion  was  made  to  the  SaHsburj-  region 
iu  Connecticut.  While  at  Lakeville  the  local  committee  had 
arranged  for  an  address  of  welcome  from  ex-Ciovernor  A.  H. 
HoUey,  a  resident  of  the  town,  who  had  all  his  life  been  ^m 
iron  worker,  and  whose  son  was  the  late  A.  L.  Holley.  Ill- 
ness prevented  Governor  Holley  from  attending,  but  he  seut 
a  letter  of  welcome,  from  which  the  following  is  an  extract. 

You  are  in  the  immediate  vicinity  of  one  of  the  oldest  iron  mines  in 
this  country,  if  not  the  oldest,  it  having  been  wrought  more  or  less  for 
about  one  hundred  and  Hfty  years.  The  iron  jiroduced  from  it  has  been 
proved,  by  variouB  tests  at  the  annoriee,  arsenalH,  and  navy-yard?  of  the  na- 
tion, to  have  greater  tensile  strength  and  resisting  power  than  any  other 
ever  produced.  This  may  seem  like  an  arrogant  boast,  but  the  Government, 
some  years  since,  ordered  and  received  samples  of  the  most  noted  irons, 
foreign  and  domestic,  for  the  purpoK  of  testing  tlieir  strength,  and  the  Sal- 
isbury iron  endured  strains  that  no  other  did  or  could. 

You  itre  also  within  a  thousand  feet  of  the  site  of  the  oldest  char- 
coal furnace  in  all  the  region  about  us,  erected  between  the  years  I7t)0  and 
1770.  The  first  cannon  cart  in  the  tJnited  States  for  service  in  the  Revo- 
lution were  made  therein.  A  portion  of  them  were  used  to  arm  the  ship 
Qmititutloti,  the  old  iroti-dideji  of  the  American  navy.  Everj'  one  of  them 
bore  the  test  required  by  the  inspectors,  and  none  were  ever  broken  either 
by  our  own  powder  and  balls  or  by  those  of  the  enemy.  Since  the  opening 
and  continued  nse  of  the  old  mine  above  referred  to  others  of  great  value 
have  been  developed,  witliin  a  circuit  of  fifty  miles,  which  produce  iron  of 
an  exceptionally  good  quality, 

Oldmixon,  in  his  BrUieh  Empire  t'n  America,  mentions  "  a 
small  iron  mill  "  as  existing  at  Branford,  in  New  Haven 
coimty,  in  1741,  on  a  small  stream  ruuning  into  Long  Island 
sound,  and  he  adds  that  on  many  of  the  small  streams  and 
branches  of  the  rivers  which  fall  into  the  sound  "  bloomarira 
and  small  works  for  a  variety  of  manufactures  in  iron  were 
established,  some  of  them  quite  early."  The  bloomaries  were 
in  part  supplied  with  bog  ore,  "  dug  near  them,"  and  in  part 
with  better  ores  obtained  elsewhere.  Bisliop  says  that  in 
1794  a  slitting  mill  and  other  iron  works  had  been  greeted 
in  East  Hartford,  a  forge  at  Glastonbury,  and  two  furnaces  at 
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Stafford  "  which  made  sufficient  hollow  and  cast  iron  wareB 
for  the  whole  State."  Lesley  says  that  there  were  at  one  time, 
about  the  beginning  of  Uie  present  century,  three  furnaces 
on  a  branch  of  the  WilHmantic  river,  in  Stafford,  in  East- 
em  Connecticut,  n«ir  the  Massachusetts  line,  a  mile  or  two 
apart.  Three  forges  near  them  converted  their  pig  iron  into 
bar  iron.  Hebron  furnace  was  south  of  the  above-mentioned 
furnaces,  and  Enfield  forge  stood  a  few  miles  east  of  Windsor 
Locks.  All  of  these  furnaces  and  forges  were  stopped  about 
1837,  when  Scotch  pig  iron  began  to  come  into  the  country 
as  a  substitute  for  foundry  pig  iron  of  domestic  manufacture. 
Connecticut  was  probably  the  first  of  the  colonies  to  make 
steel.  In  1728  Samuel  Higley,  of  Sirasbury,  and  Joseph  Dew- 
ey, of  Hebron,  in  Hartford  county,  represented  to  the  legis- 
lature that  the  first^namcd  had,  "with  great  pains  and  cost, 
found  out  and  obtained  a  curious  art,  by  which  to  convert, 
change,  or  transmute  commog  iron  into  good  steel,  sufficient 
for  any  use,  and  was  tlie  very  first  that  ever  performed  such 
an  operation  in  America."  The  certificates  of  several  smiths, 
who  bad  made  a  trial  of  the  steel  and  pronounced  it  good, 
were  produced.  He  and  Joseph  Dewey  were  granted  the  ex- 
clusive right  for  ten  years  "  of  practicing  the  business  or  trade 
of  steel-making."  A  "steel  furnace"  was  owned  by  Aaron 
Eliot,  of  Killingworth,  in  Middlesex  county,  previous  to  1750, 
and  in  1761  the  Rev.  Jared  Eliot,  of  the  same  place,  father 
of  tlie  above-mentioned  Aaron  Eliot,  and  grandson  of  John 
Eliot,  the  apostle  to  the  Indians,  succeetled  in  producing  in 
a  common  blooraary  forge,  from  83  pounds  of  black  magneto 
ic  sand,  a  bar  of  excellent  iron,  weighing  50  pounds,  and  in 
Ilia  son's  furnace  a  part  of  the  bar  was  converted  into  good 
steel.  For  producing  this  iron  he  was  awarded  a  gold  medal 
in  1762  by  tlie  London  Society  of  Arts,  which  is  now  in  the 
possession  of  Charles  G.  Elliott,  of  Goshen,  New  York,  It  is 
inscribctl :  "  To  the  Rev,  Jared  Eliot,  M.  A.,  of  N.  England. 
MDCCLXII.  For  producing  malleable  iron  from  the  Ameri- 
can black  sand."  The  medal  was  sent  to  Mr,  Eliot  from  Lon- 
don in  1764  "  by  Thos.  Fisher,  to  the  care  of  our  friend,  Ben. 
Franklin."  This  sand,  which  is  found  in  the  southern  parts 
of  Connecticut,  as  well  as  in  some  other  States,  never  receiv- 
ed much  further  attention  for  conversion  into  iron  or  steel. 
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Aaron  Eliot's  "  steel  furnace "  was  doubtless  a  cementation 
furnace.  In  1750  it  was  officially  reported  that  there  was 
tlien  only  one  "  furnace  for  making  st«el "  in  Connecticut, 
and  this  was  probably  Eliot's  furnace. 

Iron  ore  was  discovered  near  Portsmouth,  in  New  Hami>- 
shire,  as  early  as  1634,  some  of  which  was  sent  to  England, 
but  we  find  no  evidence  that  its  discovery  led  to  the  establish- 
ment of  any  iron  works  in  that  colony.  The  manufacture  of 
iron  in  this  State  probably  dates  from  about  1750,  when  sev- 
eral bog-ore  bloomaries  were  in  existence  on  Lamper  Eel  riv- 
er, but  were  soon  discontinued.  About  the  time  of  the  Revolu- 
tion there  were  a  few  bloomaries  in  operation  in  New  Ham[>- 
shire.  In  1791  mention  is  made  of  iron  works  at  Exeter.  At 
Furnace  village  the  magnetic  iron  ore  of  M'inchester  was  first 
smelted  iu  175)5  by  a  Rhotle  Island  comiiauy.  Fraucouia  fur- 
nace, at  Frauconia,  was  built  in  1811  by  a  company  which  was 
organized  in  1805.  This  fumac^  was  abandoned  in  1865,  and 
there  is  now  no  blast  furnace  in  the  St*ite,  nor  any  other  en- 
terprise for  the  manufacture  of  iron  or  steel  except  the  steel 
works  of  the  Nashua  Iron  and  Steel  Company,  at  Nashua. 

Maine  had  a  few  bloomary  forges  in  York  county  duriug 
the  Revolution  and  for  some  years  aftenvards,  but  she  has  had 
but  few  blast  furnaces.  A  small  furnace,  capable  of  yielding 
a  ton  and  a  half  of  iron  daily,  was  erected  at  Shapleigh,  in 
York  county,  about  1838.  It  vt-tm  ustnl  to  produce  castings 
from  bog  ore,  and  cost  only  $13.00(t.  A  larger  furnace,  called 
Katahdin,  was  built  in  1845  iu  Piscataquis  county,  and  was 
lately  active.  This  is  the  only  furnace  now  in  the  State. 
Among  its  pnijectors  and  first  owners  was  Uie  Hon.  John 
L.  Hayes,  a  native  of  Maine,  who  afterwards  became  distin- 
guished as  a  writer  on  economic  subjects  and  as  tlie  secretary 
of  the  National  Association  of  Wool  Manufacturers,  and  who 
died  at  his  home  iu  Cambridge,  MassHchuHetts,  on  April  1$, 
1887,  age<l  75  years.  He  was  bom  at  South  Berwick,  Maine, 
on  April  13,  1812.  A  foi^e  was  erected  near  Katahdin  fur-  | 
iiece  HOOD  after  1&45.  In  1853  it  made  700  tons  of  blooms. 
It  was  burned  down  about  1855,  Tliere  were  in  1SS4  two  | 
rolling  mills  in  Maine,  one  at  Portland  and  one  at  Pembroke, 
but  the  Pembroke  mill  has  since  been  abandoned. 

The  mamifncture  of  iron  was  commPnceil   in  Vermont  | 
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iibout  1775.  Liirge  deposits  of  iron  ores  similar  to  those  of 
Western  Massachusetts  and  Western  Connecticut  had  been 
found  in  the  southern  and  west«rn  parts  of  the  State.  In 
Rutland  county  ore  was  mined  before  1785.  In  1794  there 
were  fourteen  forges,  three  furnaces,  and  a  sHtting  mill  in  this 
county.  In  other  counties  there  were  seven  forges  in  1794 — 
one  in  Bennington,  four  in  Addison,  and  two  in  Chittenden, 
Before  1800  other  forges  and  a  slitting  mill  were  added  in  this 
Statti ;  possibly  a  few  furnaces.  The  township  of  Randolph, 
ill  Orange  county,  had  two  forges  and  a  slitting  mill  at  this 
period.  About  the  beginning  of  the  present  century  tliere 
were  twenty  bloomaries  in  tlie  neighborhood  of  Vergennes, 
in  Addison  county,  all  built  with  Boston  capital.  The  promi- 
nence of  Vermont  in  the  manufacture  of  iron  has  now  been 
lost.  In  1890  the  East  Middleburj-  forge,  its  only  remaining 
iron  enterprise,  was  finally  abandoned. 

The  manufacture  of  nails  was  one  of  the  household  in- 
dustries of  New  England  during  the  eighteenth  century.  In 
a  speech  in  Congress  in  1789  Fisher  Ames  said :  "  It  has  be- 
come common  for  the  country  people  in  Massachusetts  to  erect 
small  forges  in  their  chimney  comers ;  and  in  winter,  and  in 
evenings,  when  little  other  work  can  be  done,  great  quantities 
of  nails  are  made,  even  by  children.  These  people  take  the 
nwi  iron  of  the  merchant  and  return  him  the  nails,  and  in 
consequence  of  this  easy  mode  of  barter  the  manufacture  is 
profligiously  great."  In  a  description  of  the  town  of  Middle- 
borough,  in  Plymouth  county,  Massachusetts,  written  in  1793 
by  Nehemiah  Bonnet,  it  is  mentioned  that  "  the  most  common 
and  general  employment  of  the  inhabitants  of  said  town  is 
agriculture,  which  seems  to  be  increasing ;  though  there  are  a 
number  of  mechanicks.  Nailing,  or  the  business  of  making 
nails,  is  carried  on  largely  in  the  winters  by  the  farmers  and 
young  men,  who  have  but  little  other  business  at  that  season 
of  the  year."  When  Jacob  Perkins,  of  Newburyport,  Massa- 
chusetts, inventeil  about  1790  his  uail-cutting  machine,  which 
was  patentetl  in  1795  aiifl  speedily  followetl  by  other  inven- 
tions for  the  same  purpose,  the  occupation  of  making  nails  in 
the  chimney  corner  met  with  a  serious  check.  And  with  this 
check  to  the  making  of  nails  in  chimney  comers  the  work 
of  the  slitting  mills  in  New  England  rapidly  declined. 
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The  manufacture  of  hand-made  tacks  was  also  a  New  Eng- 
land household  indastn'  during  the  last  century,  and  down  to 
about  fifty  years  ago.  A  writer  in  the  FumUurt  Trade  Jour- 
nal thus  describes  this  long  extinct  industry :  "  In  the  queer- 
»\\ii\>ei\,  homely  farm-houses,  or  the  little,  contracted  shops  of 
certain  New  England  villages,  the  industrious  and  frugal  de- 
scendants of  the  Pilgrims  toiled  proWdently  through  the  long 
winter  months  at  beating  into  shape  the  little  nails  which 
play  so  useful  a  part  in  modem  industrj'.  A  small  anvil 
8^'rved  to  beat  the  wire  or  strip  of  iron  into  shape  and  point 
it ;  a  vice,  worked  by  the  foot,  clutched  it  between  jaws  fur- 
nishc^l  with  a  gauge  to  regulate  the  length,  leaving  a  certain 
portion  projecting,  which,  when  beaten  flat  by  a  hammer, 
formed  the  head.  By  this  process  a  man  might  make,  toil- 
somely, perhaps  2,000  tacks  per  day."  New  England  is  now 
prominent  in  the  manufacture  of  tacks  in  this  country  by 
machinerj\  More  than  two-thirds  of  our  tack  industry  is 
controlled  by  Massachusetts  and  fully  three-fourths  by  all  of 
New  England.  Taunton  is  the  centre  of  the  New  England 
tack  industry. 

The  earliest  notice  we  have  seen  of  a  machine  for  cutting 
nails  occurs  in  Arnold's  History  of  the  State  of  Rhode  Island. 
The  author  says  :  "  It  is  said  that  the  first  cold  cut  nail  in 
the  world  was  made  in  1777  by  Jeremiah  Wilkinson,  of  Cum- 
berland, Rhode  Island,  who  died  in  1832,  at  the  advanced  age 
of  90  years."  Bishop  gives  a  description  of  Wilkinson's  very 
crude  attempts  to  make  cut  nails  and  tacks.  Speaking  of 
Wilkinson's  tacks  he  says  :  "  They  were  first  cut  by  a  pair  of 
slK^ars  f still  preserved)  from  an  old  chest  lock,  and  afterwards 
headed  in  a  smith's  vice.  Sheet-iron  was  afterwards  used  and 
th(^  process  extended  to  small  nails,  which  he  appears  to  have 
be(*n  one  of  the  first  to  attempt.  They  were  cut  from  old 
Spanish  hoops,  and  headed  in  a  clamp  or  vice  by  hand.  Pins 
and  needles  were  made  by  the  same  person  during  the  Revo- 
lution, from  wire  drawn  by  himself." 

All  the  bloomaries  and  refinery  forges  and  old-style  fur- 
naces of  New  England  have  now  disappeared,  and  in  their 
stead  have  grown  up  reproductive  iron  industries  of  almost 
endless  variety  and  vast  extent,  which  employ  large  numbers 
of  skilled  mechanics  and  add  greatly  to  the  material  wealth 
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of  the  country.  The  machine  shops,  nail  and  tack  factories, 
hardware  establishments,  foundries,  locomotive  works,  bridge 
works,  cutlery  works,  file  and  screw  factories,  agricultural 
implement  works,  axe  and  shovel  factories,  wire  works,  etc., 
together  with  a  few  steel  works,  modern  blast  furnaces,  and 
rolling  mills,  form  to-day  a  striking  contrast  to  the  bog-ore 
bloomaries,  not  much  larger  than  a  blacksmith's  fire,  and  the 
small  charcoal  furnaces  and  chimney-comer  nail  factories  of 
the  last  century.  "All  that,"  says  Lesley,  "has  given  way 
and  disappeared  before  the  inventive  spirit  of  New  England, 
sustained  and  mcited  by  the  wealth  of  its  commercial  cities." 
It  may  also  with  great  propriety  be  added  that  it  has  "  given 
way"  partly  because  of  the  exhaustion  of  bog  ores,  partly 
because  of  the  exhaustion  of  timber  for  charcoal,  and  partly 
because  many  of  the  streams  which  formerly  furnished  an 
abundance  of  water  power  are  now  either  dried  up  or  fur- 
nish a  very  small  volume  of  water.  All  the  primitive  con- 
ditions have  greatly  changed  and  now*  belong  to  ancient  his- 
tory.    There  is  a  new  era  in  New  England. 

Hon.  William  H.  Barnum,  for  many  years  a  member  of 
Congress,  and  a  United  States  Senator  from  1876  to  1879,  was 
bom  at  Boston  Comers,  Columbia  county,  New  York,  on  Sep- 
tember 17, 1818,  and  died  at  Lime  Rock,  Connecticut,  on  April 
30, 1889.  He  was  one  of  the  most  prominent  iron  manufac- 
tufers  of  New  England. 
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CHAPTER   XII. 

EARLY  IRON  EXTERPRISES  IN  NEW  YORK. 

DuRiXG  the  rule  of  the  Dutch  in  New  York,  from  their 
first  settlement  on  Manhattan  Island  in  1614  to  their  surren- 
der to  the  English  in  1664,  iron  ore  was  found  in  various 
places,  but  no  effort  to  manufacture  iron  is  known  to  have 
been  made.  Nor  does  it  appear  that  the  English  established 
any  iron  works  in  the  province  until  some  time  after  the  be- 
ginning of  the  succeeding  century.  A  Parliamentarj'  report, 
quoted  by  Pitkin  in  his  Staiidical  View  of  ilie  Commerce  of 
the  United  States  of  America^  printed  in  1816,  states  that  there 
were  no  manufactures  in  New  York  as  late  as  1731  "  tliat 
deserve  mentioning."  Bishop  quotes  Governor  Cosby  as  re- 
porting in  1734  that  "  as  yet  no  iron  work  is  set  up  in  this 
province."  The  Dutch  were  never  noted  as  ironworkers  in 
their  old  home  in  Holland. 

The  first  iron  works  in  New  York  of  which  we  have 
authentic  information  were  "  set  up,"  according  to  Bishop, 
a  short  time  prior  to  1740,  on  Ancram  creek,  in  Columbia 
county,  about  fourteen  miles  east  of  the  Hudson  river,  by 
Philip  Livingston,  the  owner  of  the  Livingston  manor,  rfnd 
the  father  of  Philip  the  signer  of  the  Declaration.  These 
works  at  first  embraced  only  a  bloomary,  but  as  early  as  1750 
they  appear  to  have  embraced  a  blast  furnace  and  a  refinery 
forge.  The  supply  of  ore  was  obtained  mainly  from  the  **  ore 
hill"  in  Salisbury  township,  Litchfield  county,  Connecticut, 
of  which  Mr.  Livingston  was  a  principal  owner,  and  which 
had  been  developed  a  few  years  previously.  The  ore  mines 
were  al)out  twelve  miles  distant  from  the  Ancram  works. 
Other  sources  of  ore  suj)ply  were  found  in  the  eastern  part 
of  the  manor,  near  the  Massjichusetts  and  Connecticut  lines. 
Notwithstanding  the  inconvenient  location  of  the  works,  at  a 
considerable  distance  from  the  mines  and  also  from  the  near- 
est point  of  shipment  on  the  Hudson  river  for  the  manufac- 
tured iron,  they  were  prosperous  until  after  the  Revolution. 
In  1750  they  are  said  to  have  been  the  only  iron  works  in  the 
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province  that  were  then  in  operation,  although  otliera  had 
been  undertaken.  Of  these  silent  or  unfortunate  enterpriBea 
Bishop  mentions  two  furnaces  in  the  manor  of  Cortland,  and 
"  several  bloomaries  which  had  not  been  worked  for  several 
years."  At  Maryaburg,  in  the  Livingston  manor,  were  some 
blooraary  forges  which  were  operated  about  the  time  of  the 
Revolution. 

Peter  Kalm,  the  Swedish  traveler,  writing  in  1748,  says  of 
the  commerce  of  New  York ;  "  Of  late  years  tliey  have  shiii- 
ped  a  quantity  of  iron  to  England,"  Some  of  this  iron  was 
rloubtleas  made  m  Connecticut  and  New  Jersey.  Douglass,  in 
his  British  Settlements,  written  in  1750,  speaking  of  New  York, 
says :  "  The  article  of  iron  in  pigs  and  bars  is  a  growing 
affair." 

Bishop  says  that  iron  works  were  established  in  Orange 
county  prior  to  1750,  but  by  whom  he  does  not  state.  In 
1750  Governor  Clinton  reported  that,  at  a  place  called  Wa- 
wayanda,  in  Orange  county,  about  twenty-six  rniles  from  the 
Hudson,  there  was  a  plating-forge  with  a  tilt-hammer,  which 
had  been  built  four  or  five  years  before,  but  was  not  then  in 
use.  It  was  the  property  of  Lawrence  Scrawley,  a  blacksmith. 
"  It  was  the  only  mill  of  that  kind  in  the  province.  There 
was  no  rolling  or  slitting  mill  or  steel  furnace  at  that  time 
in  the  province." 

In  1750  a  vein  of  magnetic  ore  was  discovered  on  Sterling 
mountain,  in  Orange  comity,  and  in  1751  Ward  &  Colton 
built  a  furnace  at  the  outlet  of  Sterling  pond.  In  Eager's 
History  of  Orange  Couidy  it  is  stated  that  "  at  the  early  estab- 
lishment of  this  furnace  the  charcoal  used  was  transported  sev- 
eral miles  on  the  backs  of  horses  from  the  mountains  where 
it  was  burned,  there  being  no  roads  at  the  time,"  Bishop 
says  that  in  1752  "Abel  Noble,  from  Bucks  county,  Pennsyl- 
vania, erected  a  forge  in  Monroe,  near  the  furnace,  at  which 
anchors  are  said  to  have  been  made,"  Elager  says  that  the 
first  anchor  made  in  New  York  was  made  at  this  forge  in 
1753,  In  1765  William  Ilawkhurst  published  an  advertise- 
ment stating  that  he  had  lately  erected  "  a  finery  and  great 
hapiiner  for  refining  the  Sterling  pig  iron  into  bars,"  but 
the  location  of  this  enterprise  is  not  mentioned. 

The  furnace  of  Ward  &  Colton  and  the  forge  of  Abel  No- 
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ble  fell  into  the  hands  of  Peter  Townsend  before  the  Revolu- 
tion. They  had  been  named  the  Sterling  iron  works,  presum- 
ably after  Lord  Stirling,  the  owner  of  the  land,  who  became 
a  general  in  the  Continental  army,  and  who  was  engaged  in 
the  manufacture  of  iron  in  New  Jersey  before  the  Revolution. 
He  may  have  been  a  part  owner  of  the  Orange  county  en- 
terprises. (The  Sterling  works  have  always  been  spelled  as 
here  given,  but  Lord  Stirling's  name  was  differently  spelled.) 
In  1773  Mr.  Townsend  made  anchors  at  Sterling.  We  are 
informed  by  A.  W.  Humphreys  that  the  anchors  of  the 
United  States  frigate  Constittdion  were  made  here,  and  also 
the  anchors  for  the  first  ships  of  war  that  carried  the  stars 
and  stripes.  In  1777  "the  Townsends"  had  two  forges  with 
eight  fires.  In  1776  Mr.  Townsend,  according  to  Bishop,  "pro- 
duced the  first  steel  in  the  province,  at  first  from  pig  and 
afterwards  from  bar  iron,  in  the  German  manner."  Bishop 
says  that  "  the  first  blister  steel  made  in  the  State  was  made 
by  Peter  Townsend,  Jr.,  in  1810,  from  ore  of  the  Long  mine 
on  the  Sterling  estate,"  but  the  steel  made  by  the  elder  Town- 
send  in  1776  from  bar  iron  was  doubtless  blister  steel.  The 
Long  mine  was  discovered  in  1761  by  David  Jones.  Other 
valuable  mines  than  those  mentioned  were  discovered  and 
opened  on  the  Sterling  estate  in  the  last  century.  In  1777  a 
second  Sterling  furnace  was  built  by  "the  To^\Tlsends,"  and 
in  1806  Southfield  furnace  was  built  by  them  about  six  miles 
distant  from  the  Sterling  mines,  and  it  is  still  standing.  The 
two  early  Sterling  furnaces  have  been  replaced  by  one  mod- 
ern furnace. 

Other  mines  of  iron  ore  were  discovered  in  Orange  county 
(luring  the  last  century,  and  many  furnaces  and  forges  were 
built  in  connection  with  them  which  have  long  been  aban- 
doned. In  1756  there  was  a  Forest  of  Dean  furnace  five  miles 
west  of  Fort  Montgomery,  which  was  supplied  with  ore  from 
tlie  Forest  of  Dean  mine,  near  which  it  stood.  The  furnace 
was  abandoned  twenty-one  yeiirs  later.  Eager  says  that  "  Cap- 
tain Solomon  Townsend,  a  cousin  of  Peter  Townsend,  and  who 
married  his  daughter  Anne  in  1783,  purchased  the  mountain 
estate  adjoining  that  of  his  father-in-law,  which  he  nailed 
Augusta,  iind  estiil^lislied  the  iron  works,  anchory,  forges,  etc., 
at  the  place."    These  works  were  on  the  Ramai>o,  three  miles 
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above  the  Orange  county  line,  in  Orange  county.  There  was 
a  forge  and  anchory  on  Murderer's  creek  during  tlie  Revolu- 
tion, owned  by  Samuel  Brewster ;  after  the  war  tliey  passed 
into  the  hands  of  his  son-in-law,  Jonas  Williams.  Queens- 
borough  furnace,  which  went  out  of  blast  about  1800,  and 
which  was  built  to  make  pig  iron  and  not  castings,  was  locat- 
ed about  two  and  a  half  miles  southwest  of  Fort  Montgom- 
ery. A  furnace  was  in  operation  at  Craigsville  during  the 
Revolution.  On  the  stream  issuing  from  Hazzard's  pond 
there  was  a  furnace  named  Woodbury  about  the  beginning 
of  this  centurj-.  Greenwood  furnace,  in  Orange  county,  was 
erected  in  1811  by  the  Messrs.  Cunningham.  In  1871  it  was 
the  only  charcoal  furnace  in  blast  in  Soutliem  New  York  ; 
since  that  year  it  also  has  been  silent.  During  the  last  cent- 
ury Orange  county  was  the  chief  seat  of  the  iron  manufac- 
ture in  New  York. 

The  following  account  of  the  great  iron  chain  which  was 
suspended  across  the  Hudson  river  in  1778,  to  prevent  the 
passage  of  the  Britisli  vessels,  is  compiled  from  Benson  J. 
Lossing's  Field  Book  of  (he  Revolufiaii. 

M  the  (.■lose  of  1T79  West  Point  was  tlie  wtrongwt  military  post  in  Amer- 
ica. In  addition  to  the  battcrieH  that  stood  metiatin^cly  upon  the  hill  tnpe, 
the  river  waB  otietract«d  by  an  enormous  iron  chain.  The  iron  of  which 
this  chain  woe  iMnHtracted  was  wrought  from  ore  of  equal  {Mirt£  from  the 
Sterling;  and  LiinK  mines,  in  Omnge  coiinly.  The  chain  was  manu&ct»re<l 
by  Peter  Townsend,  of  Chester,  at  the  Sterling  iron  works,  in  the  same 
county,  which  were  pituated  about  twenty-five  miles  Imck  of  West  Point. 
The  general  saperlntendent  of  the  work,  as  engineer,  was  Captain  Thouuts 
Hschin,  who  afterwards  assisted  in  the  engineering  operations  at  Yorblown, 
when  Comwallis  was  captured.  The  cliain  was  completed  atmut  the  middle 
of  April,  1778,  and  on  the  Ist  of  May  it  was  strctehed  acroas  the  river  and 

Colonel  Timothy  Pickering,  accompanied  by  Captain  Machin,  arrived  at 
the  house  of  Mr.  Townsend  late  on  a  Saturday  niglil  in  Mart'b  of  that  year, 
to  engage  him  to  make  the  cliain.  Townsend  readily  agreed  to  conBtruct  it, 
and  in  a  violent  snow-storm,  amid  the  darkness  of  the  night,  the  parties  set 
out  for  the  Sterling  iron  works.  At  daylight  on  Sunday  morning  the  forges 
wetv  in  operation.  New  Englnnil  teamsters  carried  the  links,  as  fast  as  they 
were  finished,  to  West  Point,  and  in  the  space  of  six  weeks  the  wiiole  cliain 
Vae  completed.    It  weighed  180  Ions. 

The  chain  was  siretched  across  the  river  at  the  narrowest  [mint  iielween 
the  rocks  just  below  the  Bteaml>oat  landing  and  tkinstitutiou  Islnud  op|)o- 
tite.  It  was  Axed  to  luiee  liloirks  on  each  shore,  and  imder  the  cover  of 
halteriw  on  both  Hide?  of  the  river.     The  reniiiins  of  theiie  are  etill  visible. 
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"It  is  buoyed  up,"  mys  Dr.  Thai-hcr,  writing  in  1780,  "by  very  lai^  logs  of  i 
about  aisteen  feet  long,  pointed  at  the  enda  In  lesnen  tlieir  opposition  to  the 
force  of  the  current  at  flood  and  ebb  tide.  The  logs  are  placed  at  ehort  dia- 
tanoee  from  each  other,  the  chain  carried  over  them,  and  mode  fasi  to  each 
by  fltApleii.  There  are  aiso  a  number  of  anchore  liropped  at  projier  distan- 
ces, with  cables  made  fept  to  the  chain,  to  give  it  greater  stability." 

Mr.  Loaaing  describes  a  visit  whicli  he  made  in  October, 
1848,  to  West  Point,  where  he  saw  a  portion  of  the  famoua 
chain.  He  says ;  "  Tliere  are  twelve  Hnks,  two  clevises,  and 
a  portion  of  a  link  of  the  great  chain  remaining.  The 
hnks  are  made  of  iron  bars,  two  and  a  half  inches  square, 
average  in  length  a  little  over  two  feet,  and  weigh  about  one 
hundred  pounds  each."  The  British  vessels  did  not  pass  West 
Point.  The  manufacture  of  this  chain  was  a  great  achievo- 
ment.  The  Sterling  forges,  at  which  the  cliain  was  made,  are 
no  longer  in  operation,  but  tlie  Sterling  works  as  a  whole  are 
now  the  oldest  active  iron  works  in  New  York.  Two  other 
iron  chains  were  stretched  across  the  Hudson  during  the  war 
to  obstruct  its  i>assage.  One  of  these  waa  at  the  mouth  of 
Murderer's  creek,  the  iron  for  which  was  made  at  the  forge  of 
Jonas  Williams.  The  other  chain  was  at  Fort  Montgomery. 
Tliis  chain  was  broken  by  the  British  in  1777, 

Tlie  following  description  of  tlie  Sterling  works,  wliich 
were  the  most  extensive  in  New  York  until  after  tlie  begin- 
ning of  the  present  century,  is  translated  from  a  book  pub- 
lished at  Paris  in  1801,  and  lately  discovered  in  that  city 
by  Mr.  O.  H.  Marshall,  of  Buffalo,  New  York,  a  gentleman  of 
antiquarian  tastes.  It  was  written  by  the  Marquis  de  Creve- 
Cpeur,  who  was  in  the  Frencli  servica  in  the  French  and  In- 
dian war,  and  afterwards  traveled  extensively  in  this  country. 

Hardly  had  we  put  our  horses  in  the  stable  than  Mr.  Towneeiid,  llie 
proprietor,  isuue  to  meet  us  with  the  politenem  of  a  man  of  tlie  world. 
Having  learned  that  the  object  of  our  journey  waa  to  examine  attentively 
his  lUtferent  works,  he  offereil  to  show  us  all  the  detaiie,  and  at  once  led  oa 
to  his  large  fiirnace  where  the  ore  wae  melted  and  coiivertiid  into  pi^  of  (ift  . 
to  100  pounds'  weight.  The  blast  was  sii|)plied  by  two  immense  woodea  3 
blowers,  neither  iron  nor  leather  bein^  used  in  their  construction.  Tliis  fur- 
nace, he  said,  produced  from  2,000  to  2,400  tons  annually,  three-fourths  of  ' 
which  are  converted  into  bars,  the  rcet  melted  into  i^annon  and  cannoa 
bulls,  Ac.  From  there  we  went  to  see  the  forge.  Six  large  liammere  were 
occupieil  in  forging  bar  iron  and  anchors  and  various  pieees  used  o 

Lower  down  tbe  stream  (which  iifTorded  power  to  the  worlm)  was  the 
foundry,  with  its  reverlx'nitory  fiirniice  (air  ftirnaee).    Here  lie  iidW  our 
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attention  to  seyernl  in^nioos  machincH  destined  for  different  ueea.  The 
models  had  been  »enl  him,  and  the  machinee  he  had  cast  from  iron  of  a  re- 
cently discovered  ore,  whifh  alter  two  fiisionB  awjuired  great  fineness.  With 
it  he  could  do  the  li^htcBt  and  moat  delicate  work.  "  What  a  pity,"  he  said, 
"that  you  did  not  come  t^n  days  sooner.  I  woidd  have  Rhown  you,  first, 
three  new  styles  of  plows,  of  which  I  liave  cast  the  largest  pieces,  and 
which,  however,  are  no  heavier  than  the  old-feahioned.  Eiwh  one  of  them 
IB  provide*!  with  a  kind  of  aleel  yani,  ho  graduated  that  one  eon  tell  the 
power  of  the  tenm  and  the  reBistance  of  the  noil.  Second,  I  would  have 
BhowD  you  a  portable  mill  for  separating  the  grain  from  the  chaff,  followed 
by  another  machine  by  which  all  the  cars  in  the  field  can  be  enaily  gather- 
ed without  being  obliged  to  cut  the  stalk  at  the  foot,  according  to  the  old 
method." 

*  From  the  fomidrj-  we  went  to  see  the  fiimaceB  where  the  iron  is  con- 
verted into  steel,  "  It  is  not  yet  as  good  as  the  Swedes,"  said  Mr,  T.,  "  but 
we  approach  it— a  few  years  more  of  experience  and  we  will  arrive  at  per- 
fection. The  iron  which  comes  from  under  my  hamniMB  has  had  for  a  long 
time  a  high  reputution  and  sells  for  £28  to  £iVi  )>er  ton."  After  having  pass- 
ed two  days  in  examining  the**  divere  wnrka  and  admiring  the  skill  with 
which  they  were  aupplied  with  water,  as  well  as  the  arrangements  for 
fiimishing  the  cliarcoal  for  the  different  fiimnceB,  we  parted  from  Mr. 
Townsend. 

Peter  Townseud,  an  iron  merchant,  died  on  September  27, 
1885,  at  his  residence  in  East  Twenty-third  street,  New  York 
city.  He  was  bom  at  Chester,  in  Orange  county.  New  York, 
in  1803,  and  was  the  third  Peter  Townsend  in  direct  descent 
who  has  been  identified  with  the  iron  industry  of  the  State 
ot  New  York.  He  was  tlie  grandson  of  tlie  pioneer  iron  man- 
ufacturer referred  to  in  this  chapter,  who  died  in  1783. 

As  early  as  1765  there  were  iron  works  in  Dutchess  coun- 
ty, some  of  which  were  either  then  or  at  a  later  day  supplied 
Willi  iron  ore  from  the  Salisbury  mines  in  Connecticut.  The 
Maltby  mine,  at  Millerton,  was  opened  in  1750,  A  furnace 
and  foimdry  at  Amenia  in  this  county  were  in  operation  dur- 
ing the  Revolution,  "  at  which  steel  and  castings  were  made 
for  the  use  of  the  army."  James  F.  Lewis,  of  Amenia,  says 
tliat  the  Amenia  mine  was  oi>ened  about  1760,  and  that  the 
ore  was  used  during  the  Revolution  for  making  gtms,  "  being 
worked  in  a  forge  at  what  is  now  known  as  the  'old  steel 
worka' " 

In  the  manor  of  Philipsburg,  in  Westchester  county,  iron 
ore  was  mined  and  furnaces  were  erected  before  the  close  of 
the  last  century.  About  the  time  of  the  Revolution  a  fur- 
nace named  Haverstraw  and  several  bloomaries  were  in  exist- 
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ence  in  Rockland  county,  on  the  western  side  of  the  Tappan 
Zee.  Iron  ore  was  mined  in  Putnam  county  in  tlie  latter  part 
of  the  last  centurj-,  some  of  which  was  taken  to  iron  works  on 
Long  Island  sound.  A  bloomary  was  in  operation  about  the 
period  of  the  Revolution  at  Patchogue,  in  Brookhaven  to\ni- 
ship,  Suffolk  county,  Long  Island.  At  Riverhead,  in  Suffolk 
county.  Captain  Solomon  Townsend  established  "  a  manufac- 
tory of  bar  iron  "  before  the  close  of  the  last  century. 

About  the  year  1800  the  celebrated  Champlain  iron  dis- 
trict was  developed.  In  1801  probably  the  first  iron  works 
in  the  district  were  built  at  Willsborough  Falls,  on  the  B«- 
quet  river,  in  Essex  county,  to  manufacture  anchors.  George 
Throop,  Levi  Highly,  and  Charles  Kane  were  the  proprietors. 
Among  other  early  iron  enterprises  in  this  district  were  the 
New  Russia,  Jay,  and  Elba  forges  in  Essex  county,  and  the 
Eagle  rolling  mill  at  Keeseville  in  Clinton  county.  This  dis- 
trict has  been  for  a  long  time  the  most  important  iron  dis- 
trict in  the  State,  containing  rolling  mills,  blast  furnaces,  and 
forges,  but  it  is  not  so  prominent  now  as  it  was  formerly. 
The  Champlain  forges  are  all  true  bloomaries,  manufacturing 
blooms  directly  from  the  rich  magnetic  and  specular  ores  of 
the  neighborhood.  The  district  comprises  the  counties  of 
Essex,  Clinton,  and  Franklin.  A  forge  was  built  at  West  Fort 
Ann,  in  Washington  county,  south  of  Lake  George,  about 
1802,  which  used  ore  of  precisely  the  same  character  as  that 
obtained  in  the  Champlain  district. 

It  has  already  been  stated  that  the  Catalan  forge,  for  the 
manufacture  of  iron  directly  from  the  ore,  is  still  in  use  in  the 
United  States.  In  some  of  the  Southern  States  it  is  used  in 
the  simple  and  inexpensive  form  in  which  it  appears  to  have 
been  introduced  into  this  country,  and  which  among  metal- 
lurgists is  known  as  the  German  bloomary.  But  in  the  Cham- 
plain district  of  New  York  the  old  Catalan  forge,  or  German 
bloomary,  has  been  greatly  improved,  so  much  so  that  the 
bloomary  in  use  in  this  district,  with  its  expensive  machinery 
and  uniform  product,  may  be  styled  the  American  bloomary. 
It  is  fully  described  by  Professor  Thomas  Egleston  in  a  paper 
in  the  Transactions  of  the  American  Institute  of  Mining  En- 
gineers, volume  VIII.  The  blast  is  heated,  which  was  never 
done  with  the  old  Catalan  forge,  but  most  of  the  power  is  still 
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supplied  by  a  water-wheel.  Charcoal  is  the  only  fuel  used, 
and  great  care  is  tflken  in  its  manuSdcture,  aa  well  as  in  cal- 
cining the  ore,  which  is  of  a  very  pure  quality.  The  bloom 
produced  in  this  forge  usually  weighs  from  300  to  400  pounds. 
From  tlie  blooms  are  obtained  billets  of  refined  iron,  which 
are  used  in  the  manufacture  of  crucible  and  open-hearth  steel, 
plate  and  sheet  iron,  etc.  About  one  ton  of  billets  is  jiro- 
duced  at  each  forge  in  twenty-four  hours.  The  blooms  and 
billets  are  hammered  into  shape  by  a  trip-hammer. 

In  1883  there  were  in  the  Champlain  district  no  fewer 
than  27  large  forges,  or  bloomaries,  for  the  manufacture  of 
blooms.  They  embraceil  171  forge  lires.  In  the  census  year 
1880  there  were  only  22  forges,  with  141  fires,  and  they  pro- 
duced 31,580  net  tons  of  blooms  in  tliat  year.  The  production 
of  Champlain  blooms  increased  from  23,G66  net  tons  in  1875 
to  43,911  tons  in  the  calendar  year  1882.  In  1890  the  num- 
ber of  forges  had  been  reduced  to  14,  with  102  fires,  and  their 
production  in  1889  was  only  12,397  net  tons  of  blooms. 

The  Champlain  district  is  a  largo  producer  of  iron  ore, 
much  of  which  ig  annually  shippetl  to  otlier  districts  in  New 
York  and  to  other  States.  In  1889  the  total  quantity  of  iron 
ore  shipped  from  the  mines  of  this  district,  chiefly  from  Es- 
sex and  Clinton  counties,  aggregated  642,092  gross  tons. 

West  of  the  Champlain  district,  iu  the  counties  of  Saint 
Lawrence,  Jefferson,  Lewis,  Oswego,  and  Oneida,  many  char- 
coal furnaces  were  built  about  the  beginning  of  the  present 
century,  among  the  earliest  of  which  were  Rossie  furnace  in 
Saint  Lawrence  county,  Taberg  furnace  iu  Oneida  county,  and 
Constantia  furnace  iu  Oswego  county,  Ip  the  extreme  west- 
em  and  southwestern  parts  of  the  State  the  few  iron  and 
steel  enterprises  that  have  had  an  existence  during  the  pres- 
ent century  have  all  been  of  yet  more  modern  origin. 

Nails  were  extensively  manufactured  by  hand  at  Albany 
in  1787.  Twenty  years  later,  in  1807,  John  BrinkerhofF,  of 
Albany,  Hghted  the  fires  in  his  newly-erected  rolling  mill  on 
the  Wynantskill.  The  Troy  Daily  Times  says  that  "  the  oper- 
ations of  the  little  wooden  rolling  mill  built  by  him  were  con- 
fined to  converting  Russian  and  Swe<lish  bar  iron  into  plates, 
which  were  slit  into  narrow  strips,  and  these  cut  to  the  re- 
quired length  and  made  into  nails  by  hand."     In  1826  the 


nail  factory  of  John  Briiikcrlioff  was  sold  at  auction  and  { 
chased  for  $5,280  by  Eriwtus  Corning,  who  was  then  «ngag< 
at  Albany  in  the  hardware  business.  It  now  forms  part  of 
the  works  of  the  Troy  Steel  and  Iron  Company,  the  most  ex- 
tensive and  important  iron  and  st«el  works  in  the  Stttt«,  em- 
bracing a  large  rolling  mill  and  large  blast  furnaces  and  I 
lai^e  Bessemer  steel  plant  at  Troy. 

Between  1790  and  1800  there  are  said  to  have  been  twei 
ty-three  patents  granted  in  tlie  United  States  for  nail-makic 
machinery,  and  down  to  ■182.'")  tlie  whole  number  granted  i 
said  to  have  been  one  hundred  and  twenty.     Among  thei 
patents  was  one  issued  to  Josiab  G.  Pierson,  of  New  York,  i 
the  23d  of  March,  1795,  and  Uie  machine  covered  by  this  [ 
ent  is  said  to  liave  been  the  first  nail-cutting  machine  t 
produced  satisfactory  results  and  was  generally  used.  The  t 
ventor  was  at  the  time  a  member  of  the  firm  of  J.  G.  Pier 
&  Brotliers,  which  in  the  same  year  established  works  at  the" 
village  of  Ramapo,  in  Rockland  county,  New  York,  for  the 
manufacture  of  iron  and  nails,  and  which  had  previously,  in 
1787  or  1788,  been  engaged  in  the  manufacture  of  cut  nails, 
with  an  imperfect  machine,  in  Whitehall  street,  in  the  city  of 
New  York.    While  the  works  were  in  New  York  the  strips 
for  the  nails  were  rolled  and  slit  at  a  mill  near  Wilming«J 
ton,  in  Delaware,  to  which  Swedisli   and  Russian    iron  i 
sent,  no  other  mill  being  available  at  tlie  time.     This  incc 
venience  was   avoided  after  the  establishment  of  the  work] 
at  Ramapo,  whidi  included  a  rolling  and  slitting  mill, 
manufacture  of  nails  by  Mr.  Piereon's  machine  was  here  t. 
ively  prosecuted  until  about  1830,  when  the  same  firm,  whiel 
had  been  making  blister  steel  at  Hoboken  for  twenty  yean 
removed   its  steel   fumacee  to  Ramai>o,  and  substituted 
manufacture  of  spring  steel  for  that  of  nails.    The  ivorke  i 
the  Messrs.  Piereon  at  Kamapo  have  been  succeeded  by  tho) 
of  tho  celebrated  Ramapo  Wheel  and  Foundry  Company. 

In   I/tmt'a  Merchcaita'  Magtmne  for  1S44  horseshoes 
by  machinery  were  cited  as  an  illustration  of  the  achiei 
mentfi  of  Amtrican  inventive  genius  down  to  that  time, 
quote  from  tlie  Magtmnr  us  follows:  "  Horscishoes  furnish | 
similar  proof  of  thu  bearing  of  the  progrcai  of  inventicH 
An  improved  kind  of  horseshoes,  made  ut  Troy,  New  Ya 
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for  some  time  past,  is  now  sold  at  the  price  of  only  five  cents 
per  pound,  ready  prepared,  to  be  used  in  shoeing  the  animal. 
At  a  factory  recently  erected  fifty  tons  of  these  are  now  turn- 
ed out  per  day;  and,  it  is  believed,  they  can  be  made  and 
sent  to  Europe  at  as  good  a  profit  as  is  derived  from  Ameri- 
can clocks,  which  have  handsomely  remunerated  the  export- 
er." These  horseshoes  were  made  at  tJie  Burden  iron  works, 
formerly  the  Troy  iron  and  nail  factory,  which  are  still  em- 
ployed in  their  production. 

It  is  not  generally  known  that  machine-made  horseshoes 
were  produced  at  so  early  a  day  in  this  country  as  1844.  The 
machine-made  horseshoe  was  patented  by  Henry  Burden  in 
1835.  Other  liorseshoe  patents  were  issued  to  him  in  1843, 
1857,  and  1862.  Mr.  Burden  was  also  the  inventor  of  the 
hook-headed  spike  and  of  the  Burden  rotary  squeezer — the 
latter  in  1840.  He  was  born  at  Duniblane,  Scotland,  on  April 
20,  1791,  and  died  at  Troy  on  January  19,  1871. 

The  iron  industry  of  New  York  was  not  so  prominent  dur- 
ing the  eighteenth  century  as  that  of  some  other  States,  but 
soon  after  the  beginning  of  the  present  century  the  develop- 
ment of  the  Champlain  district  gave  to  it  more  prominence, 
which  was  still  further  increased  after  1840,  when  anthracite 
coal  was  applied  to  the  manufacture  of  pig  iron.  In  1870, 
and  again  in  1880,  New  York  ranked  third  in  the  list  of  iron 
and  steel  producing  States,  Pennsylvania  being  first  in  the  ag- 
gregate tonnage  of  iron  and  steel  and  Ohio  second  in  the  list 
in  both  years.  But  in  1890  New  York  was  fifth  among  the 
States  in  the  production  of  pig  iron,  Pennsylvania,  Ohio,  Ala- 
bama, and  Illinois  ranking  above  her  in  the  order  mentioned. 
In  the  production  of  steel  of  all  kinds  she  was  also  the  fifth 
in  the  list,  being  preceded  by  Pennsylvania,  Illinois,  Ohio, 
and  West  Vii^inia. 


In  Mr,  William  Reed  Deane's  Gentxdotjical  Mrmoira  of  lkt\ 
Leonard  Family,  already  noticed,  it  is  said  that  Henry  Leon- 
ard left  Rowley  village,  Massachuaettfi,  early  in  1674,  "  and  at 
that  time,  or  soon  after,  went  to  New  Jersey,  establishing  the 
iron  manufacture  in  that  State."  His  sons  Samuel,  Nathan- 
iel, and  Thomas  probably  left  Rowley  village  soon  after  their 
father's  ileparture  and  followed  him  to  New  Jersey.  Bishop 
says  that  Shrewsbury,  a  townsliip  lying  norUiwest  of  Long 
Branch,  in  Monmouth  county,  was  settled  by  Connecticut 
])eople  soon  after  New  Jersey  was  surrendered  to  the  English 
by  the  Dutcli  hi  1664,  and  that  it  was  "to  this  jiart  of  Jer- 
sey "  that  Henry  Leonard  removed.  About  tlje  time  of  tlie 
Connecticut  settlement  James  Grover,  who  had  resided  on 
Long  Island,  also  settled  in  Shrewsbury,  and  is  said  to  have 
ealablished  iron  works  in  that  township,  which  ho  afterwards 
sold  to  Colonel  Lewis  Morris,  then  a  merchant  of  Barbadoes, 
hut  bom  in  England.  On  October  26,  1676,  a  grant  of  land 
was  made  to  Colonel  Morris,  witli  full  liberty  to  him  and  bi-s 
heirs  "  to  dig,  delve,  and  carry  away  all  such  mines  for  iron  as 
they  sliall  find  or  see  fit  to  dig  and  carry  away  to  the  iron 
work,"  which  grant  establishes  the  fact  that  the  iron  works  in 
Shrewsburj-  were  built  prior  to  1676,  and  that  they  were  then 
owned  by  Colonel  Morris.  They  were  probably  undertaken 
about  1674,  the  year  in  which  Henry  Leonard  is  said  to  have 
emigrated  from  Massachusetts  to  New  Jersey,  They  were  Uie 
first  iron  works  in  Now  Jersey, 

In  an  account  of  the  province  of  East  Jersey,  publiahe 
hy  the  proprietors  in  1082,  it  is  stated  that  "there  is  alreadj 
a  smelting  furnace  and  forge  set  up  iu  this  colony,  where  ifl 
made  good  iron,  whioli  is  of  great  bcuciil  to  tlio  country."    la 
his  Hislory  vf  Nnv  Jrrmf  Smitli  says  ihat  in  1682  "Shre¥ 
bury,  near  Sandy  Hook,  adjoining  the  rivur  or  creek  of  thatj 
name,  was  already  a  township,  consiating  of  aevural  thnt 
Bcre8,  witli  large  plantations  coutiguous :  tlic  inbabitauta  wc 
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computed  to  be  about  400.  Lewis  Morris,  of  Barbadoes,  bad 
iron  works  and  otber  considerable  improvements  here."  In 
1685  it  was  stated  in  TJte  Model  of  the  Government  of  East  New 
Jersey  that  "  there  is  an  iron  work  already  set  up,  where  there 
is  good  iron  made."  In  the  same  year  Thomas  Budd,  in  hia 
Good  Order  in  Pemtaylvania  and  Nmv  Jersey,  wrote  tliat  tliere 
was  but  one  iron  work  in  New  Jersey,  and  that  this  was  lo- 
cated in  Monmouth  county.  All  of  these  statements  refer  to 
the  Shrewsbury  works,  which  do  not  seem  to  have  had  a  long 
life.  According  to  Oldmixon  they  were  located  between  tlie 
towns  of  Shrewsbury  and  Middletown,  but  otber  writers  more 
definitely  locate  them  at  Tinton  Falls.  The  original  name 
was  probably  Tintern  Falls,  so  called  after  Tiiitern  Abbey  in 
Monmouthshire.  Bog  ore  was  used.  Many  years  ago  a  fur- 
nace named  Bergen  was  built  in  Monmouth  county,  which 
has  long  been  abandoned. 

The  rich  deposits  of  magnetic  iron  ore  in  Northern  New- 
Jersey  were  discovered  at  an  early  day,  and  about  1710,  as  we 
are  informed  by  the  Rev.  Dr.  Joseph  F.  Tuttle,  in  his  Early 
Higtory  of  Morris  CowUy,  written  in  1869,  settlements  were 
made  on  the  Whippany  river,  in  Hanover  township,  in  Mor- 
ris county,  and  at  a  place  now  called  Whippany,  four  miles 
northeast  of  Morristown,  a  forge  was  erected,  but  by  whom  is 
not  now  known.  Bishop  says  that  the  first  settlers  of  Hano- 
ver located  there  "  for  the  purpose  of  smelting  the  iron  ores 
in  the  neighborhood,"  They  "early  erected  several  forges 
and  engagetl  extensively  in  the  iron  manufacture."  Whip- 
pany is  about  fifteen  miles  east  of  the  celebrated  Succasunna 
iron-ore  mine,  in  the  present  township  of  Randolph,  and  it 
was  here  that  the  settlers  obtained  their  supply  of  iron  ore. 
It  was  carried  to  the  works  in  leather  bags  on  pack-horses, 
and  the  bar  iron  was  carried  on  horseback  over  the  Orange 
mountains  to  Newark,  Bishop  mentions  that  "forges  at  Mor- 
ristown, and  some  in  Essex  county,  were  long  supplied  in  the 
same  way  from  the  rich  ore  of  the  mine.  The  ore  was  for 
some  time  free  to  all."  This  celebrated  iron-ore  deposit  has 
long  been  known  as  the  "  Dickei-son  mine,"  so  called  after  the 
Hon.  Mahlou  Dickerson,  who  was  Governor  of  New  Jersey  in 
the  early  part  of  this  century,  and  was  subsequently  and  for 
many  years   a  United   States   Senator  from  the   same   State. 
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Hon.  Edmund  D,  Halsey,  in  the  HiMory  </  Morris  Countg^' 
says  that  "  the  tract  embracing  the  Bickerson  mine  was  tak*' 
en  up  on  account  of  its  minerals  "  by  John  Reading  in  171S 
or  1714,  who  sold  it  to  Joseph  Kirkbride  in  1716. 

Dr.  Tuttle  says  that  in  1722  Joseph  Latham  sold  a  tract  of' 
land  in  the  present  township  of  Randolph,  in  Morris  county^ 
to  "  one  John  Jackson,  who  built  a  foi^e  on  the  little  stream 
which  puts  into  the  Rockaway  near  the  residence  of  Mr.  Jacob 
Hurd.  The  forge  was  nearly  in  front  of  Mr.  Kurd's  house," 
a  mile  west  of  Dover.  Wood  for  charcoal  was  abundant,  and 
the  mine  on  the  hill  was  not  far  distant.  For  some  reason 
Jackson  did  not  succeed  in  his  iron  enterprise,  and  was  sold 
out  by  the  sheriff  in  1753.  After  his  failure  he  is  supposed 
to  have  removed  to  the  western  part  of  Virginia.  *'  Jackson's 
iron  works  on  Cheat  river,"  in  that  State,  mentioned  by  early 
writers,  may  have  been  established  by  him  or  hia  sons.  Dr. 
Tuttle  says  that  Rockaway  was  settled  about  1725,  or  possibly 
as  late  as  1730,  "  at  which  time  a  small  iron  forge  was  built 
near  where  the  upper  forge  now  stands  in  Rockaway."  This 
was  the  first  forge  at  Rockaway.  Mr.  Halsey  says  that  it  was 
probably  built  by  Job  Allen;  it  was  known  as  "Job  Allen's 
iron  works  "  in  1748.  Dr.  Tuttle  adds  tJiat  "  forges  were  built 
on  different  streams,  at  Rockaway,  Denmark,  Middle  Forge, 
Ninkee,  Shaungum,  Franklin,  and  other  places,  from  the  year 
.1725  to  1770."  At  Troy,  in  Morris  county,  as  we  learn  from 
another  source,  a  forge  was  built  in  1743,  which  was  in  oper- 
ation as  late  as  1860.  In  1737,  as  we  are  informed  by  Will- 
iam Nelson,  of  Paterson,  there  is  a  reference  to  "  the  Busseton 
forge  by  Ringwood  cold  sjiring  "  in  Passaic  county.  All  tliese 
forges  were  bloomaries,  manufacturing  bar  iron  directly  from 
the  ore.  In  1751  many  of  them  did  not  individually  produce 
more  than  five  or  six  tons  of  iron  in  a  year. 

At  the  end  of  the  seventeenth  century  and  for  some  years 
after  tlie  beginning  of  tlie  eighteenth  century  New  Jersey  was 
the  only  colony  outside  of  New  England  that  was  engaged  in 
the  manufacture  of  iron,  and  this  manufacture  was  almost 
wholly  confined  to  its  bloomaries.  The  rich  magnetic  ores, 
the  well-wooded  hillsides,  and  the  restless  mountain  streams 
of  Northern  New  Jersey  afforded  every  facility  for  the  man- 
ufacture of  iron  of  a  superior  quality  by  this  simple  meth- 
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od,  while  tlie  nearness  of  good  markets  furnished  a  sufficient 
inducement  to  engage  in  the  business.  Tlie  bloomaries  of 
New  Jersey  were  Catalan  forges  of  the  German  type.  Many 
of  them  were  blown  by  the  trompe,  or  water-blast. 

Not  much  progress  was  made,  however,  in  the  establish- 
ment of  the  iron  industry  in  New  Jersey  until  the  middle  of 
the  eighteenth  century.  From  about  1740  down  to  the  Revo- 
lution many  blast  furnaces  and  other  iron  works  were  built. 
The  iron  industry  of  New  Jersey  during  the  greater  part  of 
this  period  was  exceedingly  active,  although  hampered  by 
restrictions  imposed  by  the  mother  country.  To  the  iron 
enterprises  which  were  then  built  up  within  its  borders  the 
patriotic  cause  was  afterwards  greatly  indebted  for  much  of 
tlie  iron  and  steel  that  was  needed  to  secure  its  success. 

Peter  Hasenclever,  a  Prussian  gentleman  of  prominence, 
who  is  usually  referred  to  as  Baron  Hasenclever,  emigrated 
to  New  Jersey  about  1764  as  the  head  of  an  iron  company 
which  he  liad  organized  in  London,  and  brought  with  him  a 
large  number  of  German  miners  and  ironworkers.  His  ca- 
reer in  this  country  is  very  fully  described  by  Dr.  Tuttle  in 
his  history  and  by  Mr.  Halsey  in  a  letter,  which  we  have 
received  from  him.  Dr.  Tuttle  first  gives  an  account  of  the 
Ringwood  Company,  which  was  organized  in  1740  and  was 
principally  composed  of  several  persons  named  Ogden,  from 
Newark.  In  that  year  the  company  purchased  from  Cornelius 
Board  sixteen  acres  of  land  at  Ringwood,  near  Greenwood 
lake,  in  Bergen  {now  Passaic)  county,  where  they  built  a  fur- 
nace, afterwards  buying  from  Board  other  property.  In  17G4 
Joseph  Board  conveyed  to  the  Ringwood  Company  a  tract  of 
land  at  Ringwood  "  near  the  old  forge  and  dwelling  house 
of  Walter  Erwm."  On  July  5,  1764,  the  Ringwood  Company 
sold  to  "  Peter  Hasenclever,  late  of  London,  merchant,"  for 
£r),000,  all  of  its  lands  and  its  improvements  at  Ringwood. 
The  deed  states  that  on  the  property  there  are  "erected  and 
standing  a  furnace,  two  forges,  and  several  dwelling  houses." 
It  spepks  of  "  Timothj-  Ward's  forge:"  also  of  the  "old  forge 
at  Ringwood."  In  1764  Hasenclever  also  bought  from  vari- 
ous persona  other  tracts  of  land  at  Ringwood  and  in  its  vi- 
cinity, and  in  1766  be  bought  several  tracts  from  Lord  Stir- 
ling.    These  purchases  were  located  at  Ringwood,  Pcitnpton, 
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Long  Poml,  aiul  Charlottenburg,  all  in  what  waa  then  ] 
county.  Hasenclever  probably  also  purchased  an  interest  in 
the  iron-ore  minea  at  Hibernia.  Dr.  Tuttle  says  that  "  Has- 
enclever  at  once  began  to  enlarge  the  old  works  and  build 
others  at  each  o£  the  places  just  named,"  that  is,  Riugwood, 
Pomptou,  Long  Pond,  and  Charlottenburg.  It  is  probable 
that  he  built  a  furnace  and  one  or  more  forges  at  each  place ; 
three  furnaces  and  six  forges  he  certainly  built.  The  fur- 
naces were  erected,  respectively,  as  follows :  Charlottenburg, 
on  the  west  branch  of  the  Pequannock  ;  Ringwood,  on  the 
Ringwood  branch  of  the  Pequannock;  and  Long  Pond,  on 
the  Winockie,  about  two  miles  from  Greenwood  lake.  Char- 
lottenburg was  built  in  1767,  and  was  capable  of  producing 
from  20  to  25  tons  of  pig  iron  weekly.  Long  Pond  was  in 
blast  in  1768.  Hon.  Abram  S.  Hewitt  writes  u»  that  at  Ring- 
wood  he  has  a  pig  of  iron  with  "Ringwood  1770"  marked 
on  it  by  the  founder,  and  Mr.  William  Nelson,  of  Paterson, 
writes  us  tliat  he  has  seen  at  Charlottenburg  a  small  pig  of 
iron  upon  which  was  cast  in  raised  letters  "Charlottenburg 
1770." 

Hasenclever  certainly  succeeded  in  making  good  iron, 
some  of  which  was  shipped  to  England.  He  also  made  steel 
of  good  quality  "directly  from  the  ore."  In  1768  he  became 
financially  embarrassed,  and  in  1770  was  formally  declared  a 
bankrupt.  He  returned  to  Germany  and  became  a  success- 
ful linen  mtmufacturer  in  Silesia,  He  was  succeeded  in  the 
management  of  the  company's  estate  by  John  Jacob  Faeach, 
who  had  come  to  New  Jersey  with  him,  or  soon  after  him, 
under  an  engagement  as  manager  of  the  iron  works  for  seven 
years.  Faesch  is  said  to  have  looked  after  his  own  interests 
more  than  those  of  the  company.  In  1771  or  1772  he  waa 
succeeded  by  Robert  Erskine,  a  Scotchman,  who  appears  to 
have  met  with  success  until  1776,  when  all  the  works  were 
stopped  by  the  opening  of  hostilities  and  Charlottenburg  fur- 
nace was  burned,  but  whether  accidentally  or  by  the  oppo- 
nents of  the  patriotic  cause  is  not  now  known. 

Robert  Erskine  was  thoroughly  loyal  to  the  Revolution- 
ary cause.  He  died  at  Ringwood  in  1780,  "and  his  grave 
occupies  a  retired  spot  about  a  quarter  of  a  mile  from  the 
ruins  of  the   old   Ringwood   furnace,  near   the   road  leading 
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from  Ringwood  to  West  Milford."  The  inscription  upou  hia 
tombstone  reads:  "In  memory  of  Robert  Erskine,  F.  R.  S. ; 
geographer  and  surveyor  general  to  the  army  of  the  United 
States;  son  of  Rev.  Ralph  Erskine,  lat«  minister  at  Dumfer- 
line,  in  Scotland.  Bom  September  7, 1735.  Died  October  2, 
17.S0,  aged  45  years  and  25  days."  For  some  time  he  held 
a  commission  as  captain  in  the  New  Jersey  militia.  New 
Jersey  may  well  honor  the  memory  of  this  early  iroimiaster. 

The  Adventure  furnace  at  Hibernia  in  Morris  county  was 
a  famous  furnace  during  the  Revolution,  casting  ordnance 
and  other  supplies  for  tlie  army.  It  was  built  in  1765.  Mr, 
Halsey  says  that  a  tract  of  land  was  located  on  November  23, 
1765,  "about  three-quarters  of  a  mile  above  the  new  furnace 
called  the  Adventure."  The  name  usually  given  to  this  fur- 
nace is  Hibernia.  Dr.  Tuttte  says  that  "  the  names  of  Lord 
Stirling,  Benjamin  Cooper,  and  Samuel  Ford  are  connected 
with  the  original  building  and  ownership  of  the  Hibernia 
works."  He  also  says  that  "  Benjamin  Cooper  &  Co."  held 
"  pew  No.  6  "  in  the  old  Rockaway  meeting-house  in  1768.  A 
grant  of  certain  privileges  to  encourage  the  enterprise  was 
made  by  the  legislature  in  1769.  In  1765  Ford  sold-his  in- 
terest in  the  furnace  to  Anderson  and  Cooper,  after  which  sale 
he  was  actively  engaged  for  a  number  of  years  in  the  busi- 
ness of  counterfeiting  "Jersey  bills  of  credit,"  which  he  after- 
wards pleasantly  referred  to  as  "a  piece  of  engenuity."  In 
1768  he  participated  in  the  robbery  of  the  treasury  of  the 
province  at  Amboy,  hia  former  partner,  Cooper,  being  one 
of  his  associates.  Ford  was  arreste<l  in  1773,  but  escaped  to 
Virginia ;  Cooper  and  others  were  also  arrested  and  convicte*!, 
but  all  except  one  escaped  punishment,  and  he  was  hanged. 
Previous  to  tlie  time  of  his  arrest,  in  1773,  Cooper  appears  to 
have  sold  his  interest  in  Hibernia  furnace  to  Lord  Stirling, 
who  became  its  sole  owner  about  this  time,  Mr.  Halsey  thinks 
in  1771. 

Mount  Hope  furnace,  about  four  miles  northwest  of  Rock- 
away,  was  built  in  1772  by  John  Jacob  Faesch,  after  he  had 
8ovore<l  his  connection  n-ith  tlie  London  Company.  It  was 
active  until  about  1825.  It  also  was  a  noted  furnace  during 
the  Revolution,  casting  shot  anil  shells  and  cannon  for  the 
Continental  army.    In  Sepfember,  1776,  Joseph  Iloff,  who  was 
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then  tlie  mauager  of  Hibemia  furnace,  wrote  to  Lord  Stir- 
Hug  that  Faescli  Lad  requested  him  "  to  inform  you  that  he 
wanted  200  tons  of  pig  metal,  and  wanted  to  know  your  price 
and  terms  of  payment.  Iron  will  undoubtedly  be  in  great 
demand,  as  few  works  on  the  continent  are  doing  anything 
this  season."  This  letter  indicates  that  at  the  time  it  was 
wTitten  Faesch  owned  or  controlled  a  forge  for  converting  pig 
iron  into  bar  iron.  Mr.  Halsey  says  that  he  became  the  own- 
er of  Middle  and  Rockaway  forges  and  the  lessee  of  Mount 
Pleasant  forge  and  the  Boonton  slitting  mill.  On  the  14tli 
of  November,  1776,  Hofif  wrote  to  General  Knox  that  there 
were  35  tons  of  shot  at  Hibemia  furnace,  and  on  the  2lBt  of 
November  he  wrote  that  it  was  the  only  furnace  in  New  Jer- 
sey which  he  knew  to  be  then  in  blast.  The  Hibemia  and 
the  Mount  Hope  furnaces  were  both  in  blast  in  1777.  Mr. 
Halsey  informs  us  that  among  the  laws  of  New  Jersey  for 
1777  is  an  act,  passed  October  7th,  exempting  from  military 
ser\'ice  men  to  be  employed  at  Mount  Hope  and  Hibemia 
furnaces,  and  reciting  the  necessity  of  providing  the  army  and 
navy  of  the  United  States  with  cannon,  cannon  shot,  etc.,  and 
that  the  works  "  have  been  for  some  time  past  employed  "  in 
providing  such  articles,  and  "  are  now  under  contract  for  a 
large  quantity."  Faesch  is  said  by  Dr.  Tuttle  to  have  become 
the  lessee  of  Hibemia  furnace  at  some  time  during  the  war. 
He  says  "this  must  have  been  subsequent  to  July  10,  1778, 
at  which  date  I  find  a  letter  to  Lord  Stirling  from  Charles 
Hoff,  bis  manager  at  Hibemia,  reporting  to  him  what  he 
was  doing." 

Faesch  died  at  Old  Boonton  on  May  29,  1799,  and  was 
buried  at  Morristown.  Mr.  Halsey  says  tliat  he  was  bom  in 
the  canton  of  Basle  in  Switzerland  in  1729.  Dr.  Tuttle  says 
that  "  in  his  day  John  Jacob  Faesch  was  one  of  the  great  men 
of  Morris  county,  regarded  as  its  greatest  ironmaster,  one  of 
its  richest  men,  and  one  of  its  most  loyal  citizens,"  General 
Washington  and  his  statf  once  visited  him  at  Mount  Hope. 

Lord  Stirling,  whose  proper  name  was  William  Alexan- 
der, was  bom  in  the  city  of  New  York  in  1726  and  died  at 
Albany  in  1783,  As  has  been  shown  in  the  chai)ter  relating 
to  New  York,  his  name  has  been  given  to  one  of  the  old&'tl 
and  most  successful  iron  enterprises  in  the  country.    His 
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wife  was  a  daughter  of  Pliilip  Livingston,  and  a  sister  of 
Philip  Livingstou  tlie  signer  of  the  Declaration. 

Colonel  Jacob  Ford,  Sr.,  was  a  large  landholder  in  Morris 
county  about  the  middle  of  tlie  last  century.  In  1750  he 
built  two  forges,  probably  a  finery  and  chafery,  at  Mount 
Pleasant,  three  miles  west  of  Rockaway.  There  was  a  forge 
at  this  place  in  1856,  but  in  ruins.  In  1764  John  Harriman 
owned  a  forge  called  Burnt  Meadow  forge,  at  Denmark,  about 
five  miles  north  of  Rockaway,  of  which  Colonel  Jacob  Ford, 
Jr.,  afterwards  became  the  owner.  It  was  probably  built  by 
Colonel  Jacob  Ford,  Sr.,  in  1750.  About  1764  Colonel  Ford, 
Jr.,  became  the  owner  of  the  forge  above  Mount  Pleasant  and 
below  Denmark,  called  ever  since  Middle  forge,  which  was 
built  by  Jonathan  Osborn  iu  1749.  The  United  States  now 
owns  the  site  of  the  forgo  last  mentioned.  Jolni  Johnston 
had  "  iron  works  "  at  Horse  Pound,  now  Beach  Glen,  a  mile 
and  a  half  below  Hibernia,  from  1753  to  1765,  as  api>eara 
from  references  in  the  title  papers  of  adjoining  lands. 

In  Andover  township,  in  Sussex  county,  a  furnace  and  a 
forge  were  built  by  a  strong  company  before  the  Revolution, 
probably  about  1760,  and  the  works  were  operated  on  an  ex- 
tensive scale.  About  the  beginning  of  hostilities  fhe  works 
were  closed,  the  company  being  principally  comjwaed  of  roy- 
alists. The  excellent  quality  of  the  iron  made  from  the  ore 
of  the  Andover  mine  led,  however,  to  such  legislation  by 
Congress  in  January,  1778,  as  resulted  in  putting  them  in 
operation.  Whiteliead  Humphreys,  of  Philadelpliia,  was 
directed  by  Congress  to  make  steel  for  the  use  of  the  anny 
from  Andover  iron,  as  the  iron  made  at  the  Andover  works 
was  the  only  iron  which  would  "  with  certainty  answer  the 
purpose  of  making  steel."  This  action  of  Congress  is  given 
in  detail  by  the  Hon.  Jacob  W.  Miller,  in  an  address  before 
the  New  Jersey  Historical  Society  in  1854,  who  also  records 
UiQ  interesting  fact  that  WUliam  Penn  was  an  early  owner 
of  the  Andover  mine.  He  says  that  "on  the  10th  of  March, 
1714,  by  a  warrant  from  the  council  of  proprietors,  he  ac- 
quired title  to  a  large  tract  of  land  situated  among  the  moun- 
tains then  of  Hunterton,  now  of  Sussex,  county,  and  William 
Penn  became  the  owner  of  one  of  the  richest  mines  of  iron 
ore   in   New  Jersey.     This   mine,  since   called   Andover,  was 
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opened  and  worked  to  a  considerable  extent  as  early  t 
Tradition  reveals  to  as  tliat  the  products  of  these  works  were 
carried  upon  pack-horses  and  carts  down  (he  valley  of  the 
Musconetcong  to  a  place  on  the  Delaware  called  Durham,  and 
were  thence  tinnsported  to  Philadelphia  in  boats,  which  were 
remarkable  for  their  beauty  and  model,  and  are  known  as 
Durham  boats  to  this  day." 

Franklin  furnace,  near  Hamburg,  in  Sussex  comity,  which 
was  built  in  1770  and  abandoned  about  1860,  has  been  suc- 
ceeded by  one  of  tbe  largest  furnaces  in  the  country.  There 
were  several  forges  at  and  near  Hamburg  in  the  last  century. 

Israel  Acrelius,  the  historian  of  New  Sweden,  who  resided 
in  this  country  from  1750  to  175fi,  mentions  five  iron  enttr- 
prises  as  then  existing  in  New  Jersey — the  Union  iron  works, 
and  Oxford,  Sterling,  Ogden's,  and  Mount  Holly  furnaces. 

Oxford  furnace,  at  Oxford,  in  Warren  county,  on  a  branch 
of  the  I'equest  river,  was  built  by  Jonathan  Robeson  in  1742. 
Tradition  says  that  it  was  first  blown  by  a  water-blast.  Can- 
non balls  were  cast  at  this  furnace  in  the  French  war  of  1755 
and  for  the  Continentjil  army.  The  furnace  was  in  opera- 
tion in  1880,  using  anthracite  coal,  but  in  1882  it  went  out  of 
blast  and"  is  now  abandoned.  We  are  informed  by  Mr.  Ed- 
mund T.  Lukens,  secretary  and  general  manager  of  tlie  Ox- 
ford Iron  and  Nail  Company,  that  "the  original  masonry, 
built  in  1742,  is  still  standing,  encased  in  strengthening  walls, 
which  were  added  from  time  to  time  as  the  binding  timbers 
of  the  old  work  burned  or  rotted  off.  The  old  stack  was 
built  in  6-foot  rises,  (after  the  first  rise  of  12  feet  for  work- 
ing arch,)  with  18  inches  for  each  set-off,  and  these  rises  were 
bound  with  heavy  timbers,  keyed  together  at  the  corners." 
Through  the  courtesy  of  Mr.  Lukens  we  now  have  in  our 
possession  a  set  of  eight  fine  photographs,  seven  of  which 
show  from  different  points  of  view  the  stack  and  connected 
buildings  of  the  famous  old  blast  furnace  of  his  company, 
while  the  eighth  photograph  represents  the  furnace  mansion- 
house,  in  wliich  Hon,  George  M.  Robeson,  ex-Secretary  of  the 
Navy,  a  descendant  of  Jonathan  Robeson,  was  born.  In  1880 
Oxford  furnace  divided  with  Cornwall  furnace  in  Pennsylva- 
nia the  honor  of  being  the  oldest  furnace  in  the  Uniteil  States 
thiit  was  then  in  operation. 


Tlic  Sterling  furnace  referred  to  was  Sterling  furnace  in 
New  York,  but  tliia  furnace,  some  particulars  of  which  have 
already  been  given,  was  then  probably  embraced  within  the 
boundaries  of  New  Jersey,  Ogden's  furnace  was  probably  the 
Ringwood  furnace  built  by  the  Ogdens  about  1740,  as  stated 
on  a  preceding  page.  After  the  sale  of  that  furnace  to  the 
London  Company  the  Ogdens  probably  built  a  furnace  about 
1765  at  Bloomingdale,  in  Paasaic  county.  Mr.  Halsey  writes 
us  that  there  was  an  old  stack  in  good  preservation  at  Bloom- 
ingdale (near  Butler)  in  1800,  whicli  was  known  as  "Ogden's 
furnace."  Mount  Holly  furnace  was  situated  at  the  town  of 
that  name,  in  Burlington  county.  We  are  informed  by  Mr. 
Austin  N.  Hungerford  that  it  was  built  in  1730  by  Isaac  Pier- 
son,  Malilon  Stacy,  and  John  Burr.  A  forge  was  connected 
with  the  furnace.  The  works  stood  where  the  saw-mill  at  the 
south  end  of  Pine  street,  on  R^icocas  creek,  now  stands.  In 
1775  sheet  iron  was  manufactured  by  Thomas  Mayberry  at 
the  foi^e  at  Mount  Holly,  some  of  which  was  used  to  make 
lamp-kettles  for  the  Continental  anuy,  and  in  1776  shot  and 
shells  were  made  at  the  furnace.  The  British  being  informed 
that  munitions  of  war  were  being  made  at  the  furnace  they 
destroyed  the  works,  which  were  not  rebuilt. 

The  Union  iron  works  were  situated  near  Clinton,  in  Hun- 
terton  county,  and  embraced  at  the  time  of  Acrelius's  visit 
two  furnaces  and  two  forges,  "  each  with  two  stacks ; "  also 
atrip-hammer  and  a  "flatting-hammer."  These  works  were 
then  owned  by  William  Allen  and  Joseph  Turner,  boUi  of 
Philadelphia.  William  Allen  was  the  chief  justice  of  Penn- 
sylvania from  1751  to  1774.  AUentown,  in  Pennsylvania,  was 
named  after  him.  He  was  largely  intei-ested  in  the  nianufae- 
tore  of  iron  in  Pennsylvania  and  New  Jersey,  and  with  him 
was  usually  associated  Joseph  Turner.  In  October,  1775, 
Allen  gave  his  "  half  of  a  quantity  of  cannon  shot  belong- 
ing to  him  and  to  Turner  for  the  use  of  the  Board  of  the 
Council  of  Safety;"  but  he  remained  loyal  to  the  British 
crown,  nevertheless,  dying  in  London  in  1780.  The  Union 
iron  works  appear  to  have  been  entirely  abandoned  in  1778. 
Judge  Allen  informed  Acrelius  that  at  these  works,  and  also 
at  Durham,  a  Pennsylvania  furnace,  one  and  a  half  tons  of 
iron  ore  yielded  one  ton  of  pig  iron,  and  that  a  good  fur- 
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nace  yielded  from  twenty  to  twenty-five  tons  of  pig  iron 
everv  w€*k. 

Mr.  Charles  P.  Keith's  Provincial  Councillors  of  Penng^ta-- 
mm  gives  us  the  following  details :  "  For  about  fifty  years 
Turner  was  in  partnership  with  William  Allen  in  commercial 
business,  the  house  of  Allen  &  Turner  [in  Philadelphia]  for  a 
long  lime  prior  to  the  Revolutionary  war  being  the  most  im- 
portant in  the  colom-.  They  also  engaged  in  the  manufacture 
of  iron,  and  owned  several  mines  in  Pennsylvania  and  New 
Jersey.  The  Union  iron  works,  in  Hunterton  county,  New 
Jersey,  were  the  most  celebrated,  the  property  at  the  date  of 
TpmerV  will  amounting  to  11,000  acres."     He  died  in  1783. 

Except  Moimt  Holly  all  of  the  furnaces  named  used  mag- 
netiiL_are :  Mount  Holly,  a<xJbrding  to  Acrelius,  used  '"  brittle 
bQg_ore_in_gravel,"  which  was  "  only  serviceable  for  castings." 
But  the  existence  of  the  forg^  and  the  further  fact  that  pig 
iron  has  been  foimd  in  the  ruins  of  the  works  show  that  the 
ore  was  used  for  sometliing  else  than  castings.  Acrelius 
mentions,  but  does  not  name,  four  bloomaries  in  New  Jersey, 
all  '*  in  full  blast  "  during  his  visit  His  list  of  iron  enter- 
:ises  in  New  Jersey  in  his  day  is  incomplete. 

Several  blast  furnaces  were  built  in  the  southern  and 
southwestern  parts  of  New  Jersey  at  an  early  day  to  use  the 
bog  ore  of  that  section.  Of  these  the  furnace  at  Mount  Holly, 
already  mentioncil,  was  doubtless  the  oldest.  Batsto  furnace, 
also  in  Burlin>non  countv,  was  built  about  1766  bv  Charles 
Re;iiK  who  held  many  offices  under  the  provincial  government 
It  ctist  shot  and  shells  for  the  Continental  armv.  There  was 
a  forge  eonnecteil  with  this  furnace  as  early  as  1786,  when 
BaiSiO  bars  brought  £30  per  ton  at  New  York  in  New  York 
currniiev.  A  neii:hlH)ring  furnace,  Atsion,  was  also  built  about 
17C«'i.    A  few  V»kx»maries  were  also  built  in  this  section  in  the 


h^rT.  ■>:-:T:ur\\  lo  work^lH>g  ore.  The  "Jersey  pines"  fumislicd 
XLr  i'lri  luT-dir  funiaces  and  bkx»maries,  and  oyster  shells 
2  Mvr/.itri  :Lr  riiixiuii  material  for  the  furnaces.  It  was  stated 
3r.  \:.^  r].'^i»wr  relating  to  New  England  iron  enterprises  in 
ti.r  '.  -^-r.  «»ii:i;r}*  that  orx*  was  taken  from  Egg  Harbor,  in 
N-^rVi  J*:r-r:y.  t.>  ^uI»pIy  M^^me  Massachusetts  furnaces.  This  was 
fx/t'  '•>-.  I>:-.:^:o  furnai.v  was  situate*!  on  a  branch  of  Little 
E^z  HarVxT  river,  and  nui  until  lS4«n  when  it  was  abandoned. 
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Mrs.  Augustus  H.  Richards,  of  Philadelphia,  has  in  her  pos- 
session an  iron  plate  cast  at  Batsto  furnace,  hearing  the  date 
1766,  which  doubtless  fixes  the  exact  date  of  its  erection. 

Of  the  early  iron  works  in  Southern  and  Southwestern 
New  Jersey  additional  to  the  Mount  Holly,  Batsto,  and  Atsion 
enterprises,  which  have  been  specifically  named,  mention  may 
be  made  of  a  few  of  the  most  prominent,  nearly  all  built  near 
the  close  of  the  last  century  or  the  beginning  of  the  present 
century.  Mr.  Austin  N.  Hungerford,  an  expert  in  the  prep- 
aration of  various  local  histories  relating  to  Pennsylvania  and 
New  Jersey,  furnishes  us  with  the  following  information, 

In  1722  ttie  erection  ofa  blootuary  forj!;e  was  nnilertakcn  by  Iwuu^  Hor- 
ner, Daniel  Famawortli,  and  Joseph  Borden  on  llie  west  side  of  Black's 
rreek,  whicli  rises  near  Georgetown,  in  Burlington  pounty,  and  rune  a  north- 
earterly  course  between  Mansfield  and  Chesterfield  townahipe  and  emptiea 
into  the  Delaware  at  Bordenlown.  On  February  1, 172u,  the  psrtly-ereeted 
forge  with  the  property  connected  with  it  was  conveyed  by  the  three  pro- 
prietors to  Thoraas  Potts,  a  son-in-law  of  Joseph  Borden.  On  the  same  day 
he  conveyed  one  uiidirided  half  of  the  propertiy  to  Colonel  Daniel  Coxe,  (of 
whom  mention  is  made  that  he  had  been  interested  in  the  manufiictiire  of 
iron  for  several  years,)  and  one-fourth  to  John  Allen,  retaining  one-fourth 
interest  for  himselC  The  forge  wsm  completed  in  the  snmmer  of  1T25,  and 
was  probably  operated  for  a  few  yeare,  but  no  account  of  it  has  been  ob- 
tained. The  property  afterwards  passed  into  the  poeeeesion  of  a  Mr.  I^wis, 
of  Philadelphia.  Thomas  Potto  had  emigrated  to  this  country  in  the  ship 
Shiiidii,  which  brought  so  many  emigrauto  to  West  Jersey. 

The  most  noted  ironmaster  in  West  Jersey  prior  to  the  Revolution  waa 
the  Hon.  Charles  Read.  In  the  year  1761)  he  built  Batsto  Airnace  on  Batsto 
week,  a  branch  of  Little  Egg  Harbor  river,  about  sis  miles  northeast  from 
the  present  viliage  of  Etwood,  on  Ihe  Camden  and  Atlantic  Railroad.  An 
act  of  the  legislature,  passed  June  20, 17()5,  enabled  him  to  erect  a  dam  acmes 
Batsto  creek,  and  the  same  act  enabled  John  Estell  to  erect  a  dam  across 
Atsion  river,  at  Ateion,  where  Charles  Read  soon  afterwards  erected  Alaion 
fiimace.  Taunton  flimace,  erected  by  Mr.  Bead,  was  built  in  17(16  in  Evoe- 
ham  township,  on  Raneocas  creek.  It  was  conducted  by  him  until  the 
assignment  of  his  proj>erty  on  June  2,  1773.  All  tliese  enterprises  were  in 
Burlington  county. 

About  1800  Haijipton  fiirnace  and  forge  were  erected  on  the  Batsto 
branch  of  the  MuUica  river,  about  three  and  a  half  miles  from  Atsion. 
They  became  jwrnianently  idle  about  1840.  Speedwell  fUma<'e,  situated  on 
tJie  north  branch  of  Wading  river,  in  Burlingttjn  county,  was  erected  be- 
fore the  Revolation,  but  by  whom  is  not  ascertained.  Gloucester  furnace, 
utuated  on  the  south  side  of  Little  Egg  Harbor  river,  in  MuUica  township, 
Atlantic  county,  was  erected  about  the  banning  of  the  present  century. 
It  was  operated  until  about  1850,  when  it  was  abandoned.  Martha  furnace 
was  situated  on  the  Oswego  branch  of  Wadinj;  river,  about  four  miles  from 
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the  head  of  navigation.  It  was  tjoilt  by  one  of  the  Potts  fimoily,  of  Potts- 
town,  Pennsylvania,  and  blown  in  in  1793.  In  1834  it  produced  750  tons  of 
castings.  Weymouth  furnace  and  fo^ze  were  situated  on  Great  Egg  Uarfoor 
river,  about  six  miles  from  May's  Tending.  They  were  erected  in  1802  by 
Charies  Shoemaker,  George  Ashbridge,  Morris  Robinson,  John  Paul,  and 
Joseph  >L  Paul.  The  fires  of  the  furnace  have  long  since  gone  out.  In  1834 
the  product  of  the  furnace  was  900  tons  of  castings,  and  of  the  foige,  with 
its  four  fires  and  two  hammer?,  200  tons  of  bar  iron.  Monroe  foige,  near 
Weymouth  furnace,  was  situated  on  South  river,  about  three  miles  south- 
west from  May's  Landing.  It  was  owned  in  1820  by  Lewis  M.  Walker  and 
was  abandoned  about  18^^5.  Cumberland  furnace  was  situated  at  the  head  of 
tlie  Manamuskin,  in  Cumberland  county.  The  property  on  which  it  was  lo- 
cated was  purchased  by  Eli  Budd  in  1785,  and  he  afterwards  put  up  a  fofge 
for  manufacturing  iron  and  operated  it  for  several  years.  In  1810  his  son, 
Wesley  Budd,  erected  a  blast  fiimace.  The  furnace  was  operated  until  1840, 
when  it  was  abandoned,  its  last  owner  being  Edward  Smith,  of  Philadelphia. 

Mr.  Benjamin  Snyder,  of  Lakewood,  Ocean  county,  gives 
us  the  following  additional  information  concerning  several  of 
the  southern  and  southwestern  iron  enterprises  in  New  Jersey. 

Etna  furnace  was  situated  on  a  tributary  of  the  south  branch  of  the 
Rancocas  creek,  two  and  a  half  miles  from  Medford,  and  about  four  miles 
from  Taunton,  in  Burlington  counts'.  It  was  built  by  Charles  Read  before 
the  Revolution.  Samuel  G.  Wright  for  many  years  owned  Federal  furnace, 
firnt  known  as  Dover  furnace,  where  now  stands  the  village  of  Manchester, 
on  the  New  Jersey  Southern  Railway,  eight  miles  from  Lakewood.  In  1814 
Jesse  Richards  purchased  the  water  power  of  the  Three  Partners  saw  mill 
and  erected  the  Washington  furnace.  The  place  has  since  l>een  known  by 
various  titles,  and  is  now  called  Lakewood.  The  enterprise  was  a  fiEulure, 
and  after  two  years  the  furnace  was  abandoned.  The  stack,  one  of  the 
t)est  of  its  kind,  was  left  standing,  and  in  1832  Joseph  W.  Brick  came  here 
from  Burlington  county,  purchased  the  property,  and  put  the  furnace  in 
blast  in  1838.  It  continued  in  operation  until  the  close  of  1854,  being  the 
last  of  the  South  Jersey  iron  furnaces  to  "go  out  as  a  finality."  The  Mon- 
mouth furnace,  afterwards  called  Howell  works,  eight  miles  east  of  Lake- 
wood,  was  built  by  William  (iriffith,  of  Burlington,  was  aften^ards  owned 
by  ShipiKjn  &  McMurtrie,  of  Philadelphia,  and  subsequently  by  James  P. 
Allaire,  of  New  York  city.  It  was  continued  as  a  furnace  with  intervals 
of  rest  until  about  the  year  184(3.  There  was  a  furnace  at  Millville,  in  Cum- 
l)erland  county,  and  a  furnace  called  Hanover,  in  Burlington  county,  both 
the  fumact»8  going  out  of  blast  about  18o0.  There  wa§  also  a  forge,  known 
as  Mar>'  Ann  forge,  two  or  three  miles  Ix^low  Hanover  furnace. 

Mr.  Snyder  mentions  Etna  furnace  as  having  been  built 
by  Charles  Read,  but  it  is  not  mentioned  by  Mr.  Hungerford. 
Tuckahoe  furnace,  on  Tuckahoe  river,  in  Cape  May  county, 
was  built  in  the  last  century  and  has  long  been  abandoned. 
It  appears  to  have  been  sometimes  called  New  Etna.    There 
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was  certainly  an  Etna  furnace  on  Tuckalioe  river  many  years 
ago,  probably  in  the  last  century. 

It  will  be  seen  that  the  southern  and  southwestern  jiarts 
of  New  Jersey  produced  iron  at  one  time  in  large  quantities 
from  bog  ores.  Iron  is  not  now  produced  from  tlieae  ores  in 
New  Jersey  in  any  form,  nor  is  there  a  blast  furnace  iu  ei- 
ther the  southern  or  southweatern  parts  of  the  State. 

The  Batsto  iron  works  were  well  managed.  On  July  1, 
1784,  they  passed  into  the  hands  of  William  Richards,  who 
owned  and  operated  them  until  1809,  when  he  was  succeeded 
in  their  ownership  and  management  by  his  son  Jesse,  who 
operated  them  until  their  Hnal  suspension  in  1846.  Another 
son,  8aniuel,  was  also  prominently  identified  with  the  manu- 
facture of  iron  in  SouUiern  New  Jersey  in  the  first  half  of 
the  present  century,  as  was  also  Mark  Richards,  who  was  not, 
however,  a  relative  of  the  other  persons  of  the  same-  name 
who  have  been  mentioned.  Mark  Richards  was  of  Wurtem- 
burger  ancestry,  the  name  being  a  corruption  of  Reichert,  as 
we  are  informed  by  Louis  Richards,  Esq.,  of  Reading,  Penn- 
sylvania :  whereas  the  family  of  William  Richards  was  of 
Welsh  origin, 

Mark  Richards  was  bom  in  Montgomery  county,  Pennsyl- 
vania. William  Richards  was  bom  in  Berks  county,  Pennsyl- 
vania, on  September  12,  1738,  and  died  at  Mount  Holly,  New 
Jersey,  on  August  31,  1823.  In  early  life  he  was  employed 
at  Coventry  forge  and  Warwick  furnace,  in  Chester  county, 
Pennsylvania,  and  about  1768  he  was  employed  at  Batsto 
as  founder.  He  was  a  soldier  during  the  Revolution.  In 
January,  1781,  he  became  the  manager  of  Batsto  iron  works. 
Mr.  Richards  was  one  of  the  great  men  among  tlie  pioneers 
of  the  American  iron  industry. 

On  November  10,  1750,  Governor  Belcher  certified  that 
there  were  in  New  Jersey  "one  mill  or  engine  for  slitting 
and  rolling  of  iron,  situate  in  the  township  of  Bethlehem,  in 
the  county  of  Hunterton,  on  the  south  branch  of  the  river 
Raritan,  the  property  of  Messrs.  William  Allen  and  Joseph 
Turner,  of  Philadelphia,  wliich  is  not  now  in  use ;  one  plat- 
ing-forge, which  works  with  a  tilt-hammer,  situate  on  a  small 
l>rook  at  the  west  end  of  Trenton,  the  property  of  Benjamin 
Yard,  of  Hunterton,  wlueli  is  now  used ;  one  furnace  for  the 
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making  of  eteel,  situate  in  Trenton,  the  property  of  Benjamin 
Yard,  which  is  not  now  nsed."  8teel  was,  however,  made  at 
Trenton  daring  the  Revolation.  A  rolling  and  slitting  mill 
was  bailt  at  Old  Boonton,  in  Morris  coonty,  before  the  Revo- 
lution, probably  about  1770,  by  a  member  of  the  Ogden  fam- 
ily. A  more  successfu]  enterprise  of  the  same  kind  was  es- 
tablished at  Dover,  in  the  same  county,  about  1792,  by  Israel' 
Canfield  and  Jacob  Losey,  who  also  added  a  factory  for  cut- 
ting nails,  which  were  headed  by  hand  in  dies.  In  1800 
there  were  in  this  county  three  rolling  and  slitting  mills,  two 
furnaces,  "  and  about  forty  foi^es  with  two  to  four  fires  each." 

Mr.  Halsey  furnishes  us  with  the  following  episode  in  the 
history  of  the  Old  Boonton  slitting  mill:  "A  slittii^  mill 
was  erected  at  Old  Boonton,  on  the  Rockaway  river,  about 
a  mile  below  the  present  town  of  Boonton,  in  defiance  of 
the  law,  by  Samuel  Ogden,  of  Newark,  with  the  aid  of  his 
father.  The  entrance  was  from  the  hillside,  and  in  the  upper 
room  first  entered  there  were  stones  for  grinding  grain,  the 
slitting  mill  being  below  and  out  of  sight.  It  is  said  that 
Governor  William  Franklin  visited  the  place  suddenly,  hav- 
ing heard  a  rumor  of  its  existence,  but  wag  so  hospitably  en- 
tertained by  Mr.  Ogden,  and  the  iron  works  were  so  efEectually 
concealed,  that  the  Governor  came  away  saying  he  was  glad 
to  find  that  it  was  a  groundless  report,  as  he  had  always  sup- 
posed." 

A  nail  factory  was  in  full  operation  at  Burlington  in  1797.  . 
In  1814  or  1815  Benjamin  and  David  Reeves,  brothers,  estab- 
lished the  Cumberland  nail  and  iron  works  at  Bridgeton,  in 
Cumberland  county,  and  for  many  years  successfully  manu- 
factured nails,  with  which  they  largely  supplied  the  eastern 
markets.  These  works  are  still  in  operation.  In  1812  a  roll- 
ing and  slitting  mill  was  built  at  Paterson  by  Nicholas  Dela- 
plaine,  Samuel  Colt,  and  John  Colt,  which  Mr.  Nelson  in- 
forms us  made  shovels  and  spades,  also  camp  utensils,  frying 
pans,  ete.,  for  tlie  use  of  the  army.  In  1814  the  manufacture 
of  nails  was  commenced.  At  first  the  nails  were  headed  by 
hand,  but  subsequently  they  were  cut  and  headed  by  one 
operation.  In  1820  the  works  were  leased  by  Colonel  Joseph 
Jackson,  of  Rockaway,  and  his  brother  William,  and  tJiey 
rolk'il   round  and   square  iron.     It  is   inifKirtant  to  note  the 
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year  in  which  the  Jackson  brothers  rolled  this  iron,  as  the 
rolling  of  iron,  except  in  connection  with  sUtting  mills,  had 
but  recently  been  introduced  into  this  country.  In  1822  they 
built  the  first  rolling  mill  at  Rockaway. 

Peter  Cooper  engaged  in  the  manufacture  of  iron  at  Tren- 
ton, New  Jersey,  in  1845,  where,  as  is  stated  by  the  Avierican 
Cyclopedia,  "  he  erected  the  largest  rolling  mill  at  that  time 
in  tlie  United  States  for  the  manufacture  of  railroad  iron,  and 
at  which  subsequently  he  was  the  first  to  roll  wrought-iron 
beams  for  fire-proof  buildings."  He  had  previously,  liowever, 
been  prominently  engaged  in  the  manufacture  of  iron  at  Bal- 
timore and  in  New  York  city.  In  connection  with  members 
of  his  family  he  also  embarked  in  many  other  important 
iron  enterprises  in  New  Jersey.  His  name  has  been  the  most 
prominent  and  the  most  honored  in  the  iron  history  of  the 
State  during  the  present  century.  He  was  born  in  New  York 
city  on  February  12,  1791,  and  die<i  at  the  residence  of  his 
son-in-law,  Hon.  Abrain  S.  Hewitt,  in  the  same  city,  on  April 
4,  1883,  aged  92  years,  1  montli,  and  23  days. 

A  letter  which  we  have  received  from  Mr.  Frederick  J. 
Slade,  treasurer  of  the  New  Jersey  Steel  and  Iron  Company, 
at  Trenton,  gives  us  the  following  information.  "  The  first 
rolled  beams  made  at  these  works  were  rolled  in  the  spring 
of  1854.  These  were  7  inches  deep,  weighed  about  81  pounds 
per  yard,  and  were  of  the  form  known  as  deck  beams.  They 
were  used  in  Harper  Brothers'  and  the  Cooper  Union  build- 
ings, New  York,  and  also  on  the  Camden  and  Amhoy  Rail- 
road as  rails.  They  were  rolled  on  a  mill  having  three  verti- 
cal rolls,  as  if  a  three-high  train  were  turned  on  end,  which 
were  patented  by  William  Burrows.  '  I '  beams  were  after- 
wards rolled  in  the  same  mill,  which  was,  fiowever,  after  a 
few  years  replaced  by  a  three-high  train  having  horizontal 
rolls,  as  in  the  present  usual  construction.  The  name  of  the 
works  at'tliat  time  was  tlie  Trenton  iron  works,  owned  by 
the  Trenton  Iron  Company." 

In  1784  New  Jersey  had  eiglit  furnaces  and  seventy-nine 
forges  and  bloomaries,  but  principally  bloomaries. 

In  Jedidiah  Morse's  geography,  printed  in  1795,  there  is 
the  following  record  of  iron  enterprises  which  were  in  exist- 
ence in  New  Jersey  a  year  or  two  earlier. 
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The  iron  manulhclories  are,  of  all  othen,  the  gimteet  eoitrce  of  ' 
wealth  to  the  8tat«.  Iron  works  are  erected  in  Gloueeeter,  Barlington, 
MorriB,  and  other  I'ountiee,  The  raonutains  in  tlie  comity  of  Morris  give 
rise  to  a  number  of  gtreamp  necesary  and  convenient  for  tliese  works, 
and,  at  the  eame  time,  fjimiab  a  popious  eupply  of  wood  and  ore  of  a 
BUperior  quality.  In  thiB  county  alone  are  no  lees  than  seven  rich  iron 
mines,  from  which  mi^ht  be  taken  ore  eufiicient  to  supply  the  I'nited 
States;  and,  to  work  it  into  iron,  are  two  ftimm.'ee,  two  rollit^  and  slit- 
ting mills,  and  about  thirty  forges,  containing  from  two  to  four  fires  each. 
These  worics  jiroduce  annually  about  540  tons  of  bar  iron.  800  ton*  of 
|)igs,  besides  large  quantities  of  hollow  ware,  sheet  iron,  and  nail  rods. 
In  the  whole  State  it  is  tnipposed  there  ii^  yearly  made  about  1,200  tons 
of  bar  iron,  1,200  ditto  of  pigs,  80  ditto  of  nail  rods,  exclusive  of  hollow 
ware  and  varione  other  castings,  of  which  vast  quantities  are  made.  Steel 
was  manu&ctnred  at  Trenton  in  time  of  the   war,  but  not  considerably 

In  1802  there  were  in  New  Jersey,  according  to  a  memo- 
rial  to  Congress  adopted  in  thnt  year,  150  forges,  "  which, 
at  a  moderate  calculation,  would  produce  twenty  tons  of  bar 
iron  each  annually,  amounting  to  3,000  tons."  At  the  same 
time  there  were  in  the  State  seven  blast  furnaces  in  operation 
and  six  that  were  out  of  blast;  also  four  rolling  and  slitting 
mills,  "which  rolled  and  slit  on  an  average  200  tons,  one-half 
of  which  were  manufactured  into  nails."  O^  the  forges  men- 
tioned about  120  were  in  Morris,  Sussex,  and  Bergen  counties. 

Of  the  numerous  charcoal  furnaces  which  once  dotted  New 
Jersey  not  one  now  remains  which  uses  charcoal,  the  intro- 
duction of  anthracite  coal  in  the  smelting  of  iron  ore,  which 
took  place  about  1840,  rendering  the  further  production  of 
charcoal  pig  iron  in  New  Jersey  unprofitable.  The  last  char- 
coal furnace  erected  in  the  State  was  built  at  Split  Rock,  in 
Morris  county,  by  the  lato  Andrew  B.  Cobb,  about  1862,  but 
it  was  soon  abandoned.  Not  one  of  the  old  bloomaries  of 
New  Jersey  now  remains.  There  were  in  the  State  in  1890, 
however,  several  forges  for  the  manufacture  of  blooms  from 
pig  and  scrap  iron,  and  also  a  large  number  of  rolling  mills, 
steel  works,  wire  works,  pipe  works,  and  anthracite  furnaces. 

In  1870  New  Jersey  was  fourth  in  rank  among  the  iron- 
producing  States  in  the  aggregate  production  of  iron  and 
steel,  but  in  1880  it  had  fallen  to  the  fifth  place.  In  1890  it 
was  tenth  in  the  production  of  pig  iron  and  seventh  in  the 
production  of  steel. 
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CHAPTER    XIV. 

BKGINNINO  OP  THE  MANUFACTURE  OF   IRON   IN 
PENNSYLVANIA. 

The  settlers  on  the  Delaware,  under  the  successive  admin- 
istrations of  the  Swedes  and  Dutcli  and  the  Duke  of  York 
down  to  1682,  appear  to  have  made  no  effort  to  manufacture 
iron  in  any  form.  In  the  Jouranl  of  a  Voyage  io  Neto  York 
in  1679  and  1680  by  Jasper  Bankers  and  Peter  Sluyter,  who 
then  visited  the  Swedish  and  otlier  settlements  on  the  Dela- 
ware, it  is  expressly  stnted  that  iron  ore  had  not  been  seen  by 
them  on  Tinicum  Island  or  elsewhere  in  the  neighborhood. 
Jasper  Dankers  says:  "As  to  there  being  a  mine  of  iron  ore 
upon  it,  I  have  not  seen  any  upon  that  island,  or  elsewhere ; 
and  if  it  were  so  it  is  of  no  great  importance,  for  such  mines 
are  so  common  in  tliia  country  that  little  account  is  made  of 
Uiem." 

Under  the  more  active  rule  of  William  Penn,  who  sailed 
np  the  Delaware  in  the  ship  Welcome  in  1682,  the  raanufao- 
ture  of  iron  in  Pemisylvania  had  its  beginning.  In  a  letter 
written  by  Penn  to  Lord  Keeper  North  in  July,  1683,  he  men- 
tions the  existence  of  "mineral  of  cop]»r  and  iron  in  divers 
places"  in  Peimsylvania.  In  his  Further  Anxmnt  of  ike  Prov- 
uwx  of  Pennsylvania,  written  in  168.5,  speaking  of  "  things  that 
we  have  in  prospect  for  staples  of  trade,"  he  says  :  "  I  might 
add  iron,  (perhaps  cop])er,  too,)  for  there  is  mucli  mine,  and 
it  will  be  granted  us  that  we  want  no  wood."  In  a  letter  to 
James  Logan,  the  secretary  of  the  province,  dated  London, 
April  21, 1702,  he  says,  under  the  heading  of  "  Iron  Works :  " 
"  Call  on  those  people  for  an  answer  to  the  heads  I  gave 
them  from  Ambrose  Crawley.  Divers  would  engage  here  in 
it  as  soon  as  they  receive  an  account,  whicli  in  a  time  of  war 
would  serve  the  country.  Things  as  to  America  will  come 
under  anotlier  regulation  after  a  while."  To  this  letter  Logan 
replied  from  Philadelphia,  under  date  of  October  1,1702,  as 
follows  :  "  I  have  spoke  to  the  chief  of  those  concerned  in  the' 
iron  mines,  hut  they  seem  careless,  having  never  had  a  meet- 
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ing  since  thy  departure;  their  answer  is  that  they  have  not  j 
yet  found  any  considerable  vein."    Smiles,  in  his  Induatrud  ] 
Biography,  says:  "William  Penn,  the  courtier  Quaker,  had  | 
iron  furnaces  at  Hawklmrst  and  other  places  in  Sussex." 
It  was,  therefore,  but  natural  that  he  should  encourage  the 
manufacture  of  iron  in  his  province,  and  it  was  certainly  1 
througli  no  indifference  or  neglect  of  hia  that  this  industry  I 
was  not  established  at  an  early  day.    We  have  referred  in 
the  preceding  chapter  to  his  ownership  in  1714  of  the  cele- 
brated Andover  iron-ore  mine  in  Xew  Jersey. 

In  1692  we  find  the  first  mention  of  iron  having  been 
made  in  Pennsylvania,  It  is  contained  in  a  metrical  compo- 
sition entitled  A  Short  Description  of  Pennsyhania,  by  Richard 
Frame,  whicli  was  printed  and  sold  by  William  Bradford,  in 
Pliiladelphia,  in  1692.  Frame  says  that  at  "  a  certain  place 
about  some  forty  i>ound  "  of  iron  had  then  been  made.  The 
entire  reference  is  as  follows  : 

A  certain  place  here  is,  where  some  began 

To  try  Roine  Mettle,  and  have  made  it  run, 

Whereiu  was  Iron  absoluttly  found, 

At  onco  was  known  about  some  Forty  Pound. 

It  is  to  be  regretted  that  Frame  was  uotjnore  explicit  in 
describing  the  place  where  this  iron  was  made.     It  was  possi- 
bly made  in  a  bloomary  fire ;  probably  in  a  blacksmith's  fire- 
In  1698  Gabriel  Thomas  printed  at  London  An  Historical 
and  Geographical  AaxnaU  of  the  Province  and  Country  of  Pen»- 
sylvajiia  and  of  West  New  Jersey  in  Amei'ica,  in  which  mention 
is  made  of  the  mineral  productions  of  these  colonies.     Allud- 
ing to  Pennsylvania,  he  says :  "  There  is  likewise  ironstone  or   i 
ore,  lately  found,  which  far  exceeds  that  in  England,  being 
richer  and  less  drossy.     Some  preparations  have  been  made 
to  carry  on  an  iron  work."     But  neither  these  preparationa  J 
nor  the  operations   alluded  to  by  Richard  Frame  appear  to  i 
have  led  to  practical  results — certainly  not  to  the  erection  of  j 
permanent  works, 

Mrs,  James,  in  her  Memorial  of  Thomas  Potts,  Jvmior,  giv»  i 
an  account  of  tlie  first  successful  attempt  that  was  made  to  \ 
establish  iron  works  in  Pennsylvania.    This  event,  which  oc- 
curred in  1716,  is  briefly  described  in  one  of  Jonathan  Dick- 
inson's letters,  writtj?n  in  1717,  which  we  liave  seen  :  "  This 
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last  summer  one  Thomas  Rutter,  a  smith,  who  lives  not  far 
from  Germantown,  hath  removed  further  up  in  the  country, 
and  of  Ilia  own  strength  hath  set  upon  making  iron.  Such  it 
proves  to  be,  as  is  highly  set  by  by  all  the  smiths  here,  who 
say  that  the  best  of  Sweed's  iron  doth  not  exceed  it ;  and  we 
have  accounts  of  others  that  are  going  on  with  iron  works." 
Rutter's  enterprise  was  a  bloomary  forge,  located  on  Mana- 
tawny  creek,  in  Berks  county,  about  three  miles  above  Potts- 
town.  Mrs.  James  says  that  the  name  of  this  forge  was  Pool 
forge.  There  was  certainly  a  Pool  forge  on  the  Maiiatawiiy 
as  early  as  1728.  in  which  year  it  is  mentioned  in  Thomas 
Rutter's  will.  The  name  of  Rutter's  pioneer  enterprise  may, 
however,  have  been  Manatawny,  In  the  Philadelphia  WeeUy 
Mercury  for  November  1, 1720,  Thomas  Fare,  a  Welshman,  is 
said  to  have  run  away  from  "  the  forge  at  Manatawny."  Bish- 
op says :  "  A  forge  is  mentioned  in  March ,  1719-20,  at  Mana- 
tawny, then  in  Philadelphia,  but  now  in  Berks  or  Montgom- 
ery, county.  It  was  attacked  by  the  Indians  in  1728,  but  they 
were  repulsed  with  great  loss  by  the  workmerf." 

Hon,  Samuel  W.  Pemiypacker,  of  Philadelphia,  a  gentle- 
man of  antiquarian  tastes,  sends  us  the  following  letter  con- 
cerning Pool  forge. 

I  very  cheerfblly  respond  to  your  inquiry  for  information  ea  to  the  date 
of  the  erectJnn  and  the  ownerahip  of  Pool  forge.  In  1720  James  Ijewis,  . 
FnutciB  Raffle,  George  Mifflin,  and  Jobn  Lcacock  preHented  a  petition  to 
the  Court  of  Quarter  Seesions  of  Philadelphia  asking  for  a  road,  in  whieh 
tiey  gay:  "Whereas,  your  petitionera  having  lately  built  a  new  fforge  on 
Hanatawny  t-rcek.  and  wanting  a  road  from  Colebrook  fFiimaee  to  the  said 
new  ffoige  and  fivm  theuce  to  the  great  road  that  leads  to  Philadelphia,  for 
y*  more  ixanvenient  larryii^  on  y*  huBinete  of  y'  raid  fforge  and  ffurnaee," 
etc.  The  court  thereupon  appoiated  a  jury,  of  which  my  fore&ther,  Henry 
Pannehecker,  wae  foreman,  and  consisting  of  liiiiiself  and  Barnabas  Rhodes, 
Thomae  Potts,  and  Anthony  Lee,  to  lay  out  the  road.  They  rejwrted  on 
Hanh  2,  172(i,  saying :  "  Pursuant  to  an  order  of  i-ourt  hereunto  annexed, 
we  the  Babecribere  have  laid  out  a  road  from  Colebrookdale  Qtiniace  to  Pool 
(forge,  and  from  thenee  to  the  great  road  leading  to  Philadelphia." 

The  old  docament  quoted  in  the  above  letter  refers  to 
Pool  forge  as  "a  new  forge,"  which  strengthens  the  theory 
that  the  name  of  the  pioneer  forge  was  Manatawny. 

Mrs.  James  says  that  Rutter  was  an  English  Quaker, 
who  was  a  resident  of  Philadelphia  in  1685  and  who  remov- 
ed in  1714  from  Germantown  "forty  miles  up  the  Schuylkill, 
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in  order  to  work  the  iron  mines  of  the  Manatawny  region." 
She  gives  a  verbatim  copy  of  the  original  patent  of  William 
Penn  to  Thomas  Ratter  for  300  acres  of  land  "on  Manar 
tawny  creek,"  dated  February  12,  1714-15. 

The  following  obituary  notice  in  the  PenMyltania  GcneUe, 
published  at  Philadelphia,  dated  March  5  to  March  13, 1729- 
-30,  ought  to  be  conclusive  proof  of  the  priority  of  Thomas 
Kutter's  enterprise:  "Philadelphia,  March  13.  On  Sunday 
night  last  died  here  Thomas  Rutter,  Senior,  of  a  short  illnes& 
He  VX18  the  first  that  erected  an  iron  trori  in  Pennsylvania^ 
In  his  will,  which  we  have  examined,  he  is  styled  a  black- 
smith. Many  of  his  descendants  have  been  prominent  Penn- 
sylvania ironmasters.  Mrs.  James  says  that  Dr.  Benjamin 
Rush,  a  signer  of  the  Declaration  of  Independence,  was  a 
great-grandson  of  Thomas  Rutter.  We  have  verified  in  the 
Pennsylvania  Gazette  the  obituary  notice  above  quoted. 

The  next  iron  enterprise  in  Pennsj-^lvania  was  Coventry 
forge,  on  French  creek,  in  the  northern  part  of  Chester  county, 
which  was  buMt  by  Samuel  Nutt,  also  an  English  Quaker. 
Egle's  History  of  Pennsylvania  says  that  Nutt  arrived  in  the 
province  in  1714,  and  that  "  he  took  up  land  on  French  creek 
in  1717,  and  about  that  time  built  a  forge  ^here.  A  letter 
written  by  him  in  1720  mentions  an  intention  of  erecting 
anotlier  forge  that  fall."  We  have  seen  this  letter.  It  is  dated 
July  2,  1720,  and  is  written  in  Friends*  language.  Nutt  pro- 
posed to  build  the  new  forge  on  French  creek.  Mrs.  James 
states  that  Nutt  purchased  800  acres  of  land  at  Coventry  in 
October,  1718.  This  was  in  addition  to  his  earlier  purchase& 
He  probably  made  iron  at  Coventry  in  that  year.  Bishop 
refers  to  a  letter  written  by  Dickinson  in  July,  1718,  stating 
that  "  the  expectations  from  the  iron  works  forty  miles  up 
the  Schuylkill  are  very  great."  In  April,  1719,  Dickinson 
again  wrote :  "  Our  iron  promises  well.  What  hath  been  sent 
over  to  England  hath  been  greatly  approved.  Our  smiths 
work  up  all  they  make,  and  it  is  as  good  as  the  best  Swed- 
ish iron."  Dickinson  probably  referred  to  Nutt's  forge  as  well 
as  to  Ratter's.  The  former,  as  well  as  the  latter,  at  first  made 
bar  iron  directly  from  the  ore. 

Coventry  forge  was  in  operation  in  1756.     In  1770  it  is 
noted  on  William  SculFs  map  of  Pennsylvania.     It  was  in 
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active  operation  after  the  Revolution,  and  in  1849  and  1856 
we  again  find  it  active,  making  blooms  from  pig  iron.  It 
made  its  last  iron  in  1870.  The  foundations  and  other  parla 
of  tlie  old  foi^e  may  still  be  seen.  It  is  the  oldest  iron  work 
in  the  State  that  is  not  wholly  gnawed  away  by  the  tooth  of 
time.  It  has  been  owned  by  the  Chrisnian  family  for  over 
eighty  years. 

The  next  iron  enterprise  in  Pemisytvania  was  undoubt- 
edly Colebrookdale  furnace,  which  was  built  about  1720  by  a 
comjiany  of  wliich  Thomas  Rutter  was  the  principal  member. 
It  was  located' on  Ironstone  creek,  in  Colebrookdale  township, 
in  Berks  county,  about  eight  miles  north  of  Pottstown,  three- 
fourths  of  a  mile  west  of  Boyertown,  and  about  two  hundred 
yards  from  the  Colebrookdale  Railroad.  Plenty  of  cinder 
now  marks  the  exact  site.  A  large  flour  and  saw  mill  stands 
about  one  hundred  feet  distant.  Thi^  furnace  suppUed  Pool 
fot^e  with  pig  iron,  an<l  in  course  of  time  other  forges,  one  of 
which  was  Pine  forge,  to  be  referred  to  hereafter.  The  Cole- 
brookdale company  api)ears  to  have  been  composed  of  Thom- 
as Rutter,  James  Lewis,  Anthony  Morris,  and  others,  Rutter 
owning  at  one  time  a  two-thirds'  interest,  as  is  shown  by  his 
will,  on  file  in,  the  office  of  tlie  roister  of  wills  in  Philadel- 
phia, which  we  have  examined. 

In  1731,  according  to  Mrs.  James,  Colebrookdale  furnace 
and  Pool  forge  were  both  owned  by  companies.  In  the  list  of 
owners  of  both  establishments  apjieara  the  name  of  Thomas 
Potta,  the  founder  of  a  family  of  the  same  name  which  baa 
ever  since  been  prominent  in  the  manufacture  of  iron  in 
Pennsylvania  and  in  other  States.  He  died  at  Colebrookdale 
in  January,  1752.  He  was  in  his  day  the  most  successful 
iron  manufacturer  in  Pennsylvania.  In  his  will,  dated  1747, 
he  leaves  his  "  two-thirds  of  Colebrookdale  furnace  and  iron 
mines  "  to  his  son  Thomas,  and  his  "  one-third  of  Pine  forge  " 
to  his  son  John.  He  was  of  either  English  or  Welsh  lineage. 
In  1733  the  furnace  was  torn  down  and  rebuilt  by  the  com- 
pany, Thomas  Potts  being  the  manager.  Mrs,  James  writes 
to  us :  "I  have  a  largo  calf-bound  folio  ledger  of  nearly  200 
folios  of  Colebrookdale  funiace,  marked  '  B.'  The  first  date 
is  August,  17'2S,  but  there  are  several  pages  referring  to  the 
first  ledger,  one  of  them  in  172f).    Mention  is  constantly  made 
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of  setMling  '  [liggs '  lo  Pool  forge,  proTing  thai  this  forge  was 
then  in  fall  blast  '  A '  woald  seem  to  be  a  lai^  rolnme  from 
reference  t«  tlie  folios,"  and  therefore  to  have  covered  the  <^ 
erations  of  a  nnmber  of  vears.  Mrs.  James  thinlcs  that  it  is 
lost  She  adds  that  on  the  title-page  of  ledger  B  the  name 
of  Thomas  Potts  is  nTitten  in  connection  with  the  year  1723,  | 
probably  as  the  manager  or  lessee  of  the  fomace.  He  iras  a  I 
resident  of  Manatawny  as  early  as  1725. 

On  Nicholas  Scull's  map  of  Penns\-lvania,  published  in 
1769,  Colebrookdale  furnace  is  noted,  and  in  a  list  of  iron 
works  existing  in  Pennsylvania  about  1793,  and  published  by 
Mrs.  James,  it  is  again  mentioned,  although  it  was  not  then 
active.  We  have  not  found  it  mentioned  at  any  later  period. 
A  stove-plate  cast  at  this  furnace  in  1763  was  exhibited  at 
the  Philadelphia  Exhibition  of  1876.  In  1731  pig  iron  sold 
at  Colebrookdale  furnace  "  in  lai^e  quantities  "  at  £5  10s.  per 
ton,  Pennsylvania  currency,  a  pound  being  equal  to  $2.66}. 
It  would  seem  that  friendly  Indians  were  employed  at  Cole- 
brookdale, as  "  Indian  John"  and  "  Margalitha"  are  found  in 
the  list  of  workmen  about  1728.  The  furnace  was  located  in 
the  heart  of  one  of  tlie  richest  deposits  of  magnetic  iron  ore 
in  the  United  States.  After  being  long  neglected  this  deposit 
was  mined  a  few  years  ago,  but  it  is  again  neglected. 

Redmond  Conynghsm,  quoted  in  Day's  Hisftn-ical  CoQeo- 
tiane  of  Pennsylvania,  printed   in  1843,  says  that  iron  works 
are  supposed  to  have  been  established  in  Lancaster  county  in  i 
1726  by  a  person  named  Kurtz,  who  is  said  by  another  au-  ; 
thority  to  have  been  an  Amisli  Mennonite.    In  Egle's  History   < 
of  Pennsijlvania  it  is  statefl  that  Kurtz's  works  were  on  Octo- 
rara  creek,  and  that  it  is  possible  they  were  in  Maryland  and 
not  in  Lancaster  county.     Conyngham  also  says  that  the  en- 
terprising family  of  Gnibbs  "commenced  operations  in  1728," 
also  in  Lancaster  county.     Both  history  and  tradition  are  si- 
lent concerning  the  nature  of  these  alleged  "operations"  at   ■ 
that  time.     We  will  refer  to  the  Grubb  family  again. 

Durham  furnace,  on  Durham  creek,  about  one  and  a  half 
miles  above  its  entrance  into  the  Delaware  river  in  the  t 
trerae  northern   part  o£  Bucks  county,  was  built  in  1727  by 
a  company  of  fourteen  persons,  of  which  Anthony  Morris,  | 
William  Allen,  Joseph  Turner,  and  James  Logan  (Penn's  s 
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retary)  were  meniber9.  Its  first  blast  took  place  in  the  fall  of 
1727,  and  in  November  of  1728  Jamefl  Logan  8hipi)ed  three 
tons  of  Durham  pig  iron  to  England.  At  the  Philadelphia 
Exhibition  of  1876  the  keystone  of  Durham  furnace,  Viearing 
the  date  1727,  was  an  object  of  interest.  It  is  now  in  the 
office  of  Cooper  &  Hewitt,  at  Durham.  The  furnace  was  be- 
tween 35  and  40  feet  square  and  about  30  feet  high.  From 
the  first  this  furnace  made  pig  iron  to  be  converted  into 
bar  iron,  altbougb  subsequently,  as  early  as  1741,  stoves  were 
cast  at  the  furnace  in  large  quantities.  From  a  very  inter- 
esting pamphlet  account  of  Durham  township  by  Herbert  C. 
Bell,  assisted  by  Charles  Laubach  and  B.  F.  Fackenthal,  Jr., 
printed  in  1887,  we  learn  that  there  were  three  forges  on  Dur- 
ham creek,  all  below  the  furnace,  and  that  many  other  forges 
in  the  neighborhood,  on  both  sides  of  the  Delaware,  were 
supplied  with  pig  iron  from  this  furnace. 

On  Nicholas  Scull's  map  of  Pennsylvania  (1759)  an  old 
and  a  new  furnace  and  a  forge  at  Durham  are  plainly  noted. 
In  1770  two  furnaces  and  two  forges  are  marked  in  Will- 
iam Scull's  map.  But  there  was  probably  only  one  furnace. 
As  late  as  1780  negro  slaves  were  employed  at  Durham,  five 
of  whom  in  that  year  escaped  to  the  British  lines.  Much  of 
the  iron  made  at  Durham  was  taken  to  Philadelphia  in  boats 
fashioned  somewhat  like  an  Indian  canoe,  and  first  built  at 
Durham  ;  hence  the  term  afterwards  in  common  use,  Dur- 
ham boats.  Large  quantities  of  shot  and  shells  for  the  Con- 
tinental army  were  made  at  Durham  furnace.  The  furnace 
was  in  active  operation  until  1791,  with  occasional  intervals 
of  suspension  from  various  causes,  when  it  blew  out  finally. 
In  1829  it  was  torn  down  to  make  way  for  a  grist  mill.  In 
1848  and  1851  two  new  furnaces  were  built  at  Durham,  to 
oae  antliracite  coal.  In  1874  a  new  and  very  large  furnace 
was  built  to  take  the  place  of  the  two  furnaces  just  men- 
tioned, which  were  toni  down. 

At  least  two  distinguished  Americans  of  tlie  Revolution- 
ary period  were  identified  with  Durham  furnace.  General 
Daniel  Morgan,  son  of  James  Morgan,  "ironmaster,"  and  one 
of  the  owners  of  the  furnace  before  1773,  was  born  in  Dur- 
ham township  in  1736.  In  early  life,  before  entering  \i\>on 
his   adventurous   career,  he   assisted   his   father  at  the  fur- 
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nace.     Tradition  says  that  he  was  also  a  charcoal  burner  at  1 
Durham.    George  Taylor,  a  signer  of  the  Declaration  of  In-  I 
dependence,  was  at  one  time  employed  as  a  "  filler "  at  Dur- 
ham furnace,  and  subsequently  he  was  the  sole  lessee  of  the 
furnace.     He  was  bom  in  Ireland,  and  came  to  I'ennsylva- 
nia  when  a  young  man  as  a  "  redemptioner."     The  Morgan 
family  was  of  Welsh  origin.    While  George  Taylor  was  the   ' 
lessee  of  Durham  furnace  he  cast  stoves  bearing  the  inscrip- 
tion, "  Durham  Furnace,  1774."     A  plate  of  one  of  these 
stoves,  bearing  this  inscription,  is  fastened  against  the  walls 
of  the  postroffice  at  Easton. 

In  1728  James  Logan  wrote  that  "  there  are  four  fumacee 
in  blast  in  the  colony."  Colebrookdale  and  Durham  were 
two  of  these,  but  the  names  of  the  others  are  in  doubt. 

The  iron  industry  of  Pennsylvania  may  be  said  to  have 
been  fairly  established  on  a  firm  foundation  at  this  time.  In 
1728-29  the  colony  exported  274  tone  of  pig  iron  to  the  moth- 
er country.  The  production  of  a  Pennsylvania  furnace  at  this 
period  was  about  two  tons  of  iron  in  twenty-four  hours. 

The  manufacture  of  nails  in  Pennsylvania  commenced  at 
an  early  day.  In  1731  George  Megee,  nailer,  at  the  comer  of 
Front  and  Arch  streets,  Philadelphia,  advertised  for  sale,  at 
wholesale  and  retail,  all  sorts  of  nails  of  his  own  manufacture. 

The  erection  of  other  forges  and  furnaces  proceeded  witli 
great  rapidity  in  the  Schuylkill  valley  and  in  other  eastern 
portions  of  Pennsylvania  after  Rutter  and  other  pioneers  had 
shown  the  way.  McCall's  forge,  afterwards  called  Glasgow 
forge,  on  Manatawny  creek,  in  Montgomery  county,  a  short 
distance  above  Pottstown  and  below  Pool  forge,  was  built  by 
George  McCall  about  1725.  Spring  forge,  on  the  Manatawny, 
in  Berks  county,  west  of  Colebrookdale  furnace  and  about  five 
miles  north  of  Douglassville,  was  built  in  1729,  probably  by 
Anthony  Morris.  These  forges,  as  well  as  Pool  forge,  were 
supplied  with  iron  from  Colebrookdale  furnace.  Green  Lane 
forge,  on  Perkiomen  creek,  in  Montgomery  county,  twenty 
miles  above  Norristown,  was  built  in  1733  by  Tliomas  May- 
burry.  The  workmen  once  employed  here  were  chiefly  no-  j 
gro  slaves.  This  forge  was  supplied  with  pig  iron  from  DuF-l 
ham  furnace  before  1747.  Mount  Pleasant  furnace,  on  Perki-T 
omen  creek,  in  Berks  county,  thirteen  miles  above  Pottstown,  % 
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was  built  by  Thomas  Potts,  Jr.,  in  1738.  A  forge  of  the  same 
name  was  built  before  1743.  Pine  forge,  on  tlie  Mauatawny, 
in  Berks  county,  about  five  miles  above  Pottstow^l,  was  built 
about  1740  by  Thomas  Potts,  Jr.  Oley  forge,  on  the  Manu- 
tftwny,  in  Berks  county,  was  built  in  1744  by  John  Ross,  John 
Yoder,  and  John  Lesher,  as  we  learn  from  Morton  L.  Mont- 
gomery, of  Reading.  It  was  finally  abandoned  about  1870. 
Spring,  Glasgow,  Mount  Pleasant,  and  Green  Lane  forges  were 
in  operation  down  to  the  middle  of  the  present  century.  Pine 
forge  was  converted  into  Pine  roiling  mill  in  1845,  and  upon 
the  site  of  Glasgow  forge  there  was  erected  in  1874  a  rolling 
mill  which  is  now  known  as  the  Glasgow  iron  works. 

Samuel  Nutt  built  a  furnace  called  Reading,  on  French 
creek,  soon  after  he  built  Coventry  forge.  In  this  enterprise 
William  Branson  may  have  been  a  partner.  Mrs.  James  says 
that  two  furnaces  of  that  name  were  erected  about  a  mile 
from  each  other,  the  second  after  the  first  was  abandoiied. 
The  second  furnace  of  this  name  was  built  on  French  creek, 
about  173(>,  by  Samuel  Nutt  and  William  Branson,  In  the 
inventory  of  the  estat*  of  Samuel  Nutt,  which  Gilbert  Cope, 
of  West  Chester,  has  kindly  placed  in  our  hands,  mention  is 
made  of  "a  ring  round  the  -fhaft  at  the  old  furnace,"  and  of 
"  one  tonn  of  sow  mettle  at  new  furnace."  Acrelius,  in  speak- 
ing of  the  iron  ore  on  French  creek,  says :  "  Its  discoverer  is 
Mr.  Nutt,  who  afterwards  took  Mr.  Branz  into  partnership." 
The  reference  is  to  William  Branson.  This  event  occurred  as 
early  as  March  29,  1728,  as  their  names  then  appear  in  the 
Philadelphia  Weekly  Mercury  as  partners.  Acrelius  further 
saj-s:  "They  both  went  to  England,  brought  workmen  back 
witli  them,  and  continued  together,"  Mrs.  James  says :  "  The 
luth  day  of  March,  1736,  Samuel  Nutt  and  William  Branson 
entered  into  an  agreement  with  John  Potta  to  carry  on  their 
furnace  called  Redding,  recently  built  near  Coventry,  and  of 
which  tlioy  are  styled  'joint  owners.'"  At  a  meeting  of  the 
Provincial  Council  on  January  25,  1737,  "a  petition  of  sun- 
dry iiUiabitants  of  the  county  of  Lancaster  was  presented  to 
the  board  and  read,  setting  forth  the  want  of  a  road  from  tlie 
town  of  Lancaster  to  Coventry  iron  works  on  French  creek, 
in  Chester  county,  and  praying  that  proper  persons  of  each  of 
the  counties  may  be  appointed  for  laying  out  the  same  from 
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Lancaster  town  to  the  said  iron  works,  one  branch  of  which 
road  to  goe  to  the  new  furnace,  called  Redding's  furnace,  now 
erecting  on  the  said  creek."  On  October  7th  of  the  same  year 
commissioners  were  appointed  to  lay  out  the  road. 

Samuel  Nutt  died  in  1737,  In  his  will,  dated  September 
25,  1737,  he  gave  one-half  of  his  "right"  to  Reading  fur- 
nace and  Coventry  forge  to  his  wife  and  the  other  half  to 
Samuel  Nutt,  Jr.,  and  his  wife.  He  also  made  provision  for 
the  erection  by  his  wife  of  a  new  furnace.  This  fumac*  was 
commenced  in  the  same  year,  and  was  built  on  the  south 
branch  of  French  creek.  It  was  probably  finished  in  1738. 
In  1740  its  management  fell  into  the  hands  of  Robert  Grace, 
a  friend  of  Benjamin  Franklin,  who  had  recently  married 
the  widow  of  Samuel  Nutt,  Jr.  This  lady  was  the  grand- 
daughter of  Thomas  Rutter.  The  new  furnace  was  called 
Warwick.  The  celebrated  Franklin  stove  was  invented  by 
Benjamin  Franklin  in  1742,  and  in  his  autobiography  he 
says :  "  I  made  a  present  of  the  model  to  Mr.  Robert  Grace, 
one  of  my  early  friends,  who,  having  an  iron  furnace,  found 
the  casting  of  the  plates  for  these  stoves  a  profitable  thing, 
as  they  were  growing  in  demand."  Mrs.  James  has  seen  one 
of  these  stoves,  witli  the  words  "  Warwick  Furnace  "  cast  oo 
the  front  in  letters  two  inches  long.  Warwick  furnace  con- 
tinued in  active  operation  during  a  part  of  almost  everj-  year 
from  its  erection  in  1738  down  to  1867,  when  its  last  blast 
came  to  an  end  and  the  famous  furnace  was  abandoned. 
During  the  Revolution  it  was  very  active  in  casting  cannon 
for  the  Continental  army,  some  of  which  were  biu-ied  upon 
the  approach  of  the  British  in  1777,  and  have  only  recently 
been  recovered,  having  lain  imdisturbed  for  a  hundred  years.* 
The  lower  part  of  the  stack  of  Warwick  furnace  still  remaina 
There  is  now  among  the  relics  in  Indei>endeuce  Hall, 
Philadelphia,  a  cast-iron  bell  which  was  cast  at  Warwick  fur- 
nace in  1757  and  used  at  Valley  Forge  in  1777,  It  was  pre- 
sented to  the  authorities  of  Independence  Hall  in  1875  by 
Colonel  J.  M.  Fegar.  It  bears  the  inscription  in  raised  let- 
lers,  "  P.  R.  1757."  Mr.  J.  Wesley  Pujlman,  of  Philadelphia,  , 
has  in  his  possession  a  highly  ornamented  stove  plate  which 
was  cast  at  Warwick  furnace  in  17*54  and  bears  that  inscrip- 
tion.    The  name  of  John  Potts  also  appears  on  the  plate. 
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After  Samuel  Nutt's  death  Reading  furnace  became  the 
property  of  his  partner,  William  Branson.  It  is  noted  on 
Nicholas  Scull'a  map  of  1759.  Coventry  foi^e  finally  fell  to 
Samuel  Nutt's  heirs. 

At  an  uncertain  period  about  1750  William  Branson  and 
others  established  on  French  creek  the  Vincent  steel  works. 
They  are  thus  described  by  Acrelius;  "At  French  creek,  or 
Branz's  works,  there  is  a  steel  furnace,  built  with  a  draught 
hole,  and  called  an  'air  oven.'  In  this  iron  bars  are  set  at 
the  distance  of  an  inch  apart.  Between  them  are  scattered 
horn,  coal-dust,  ashes,  etc.  The  iron  bars  are  thus  covered 
with  blisters,  and  this  is  called  'blister  steeL'  It  serves  as 
the  best  steel  to  put  upon  edge  tools.  These  steel  works  are 
now  said  to  be  out  of  operation."  Vincent  forge,  with  four 
fires  and  two  hammers,  was  comiected  with  Vincent  steel  fur- 
nace, but  the  date  of  its  erection  is  uncertain.  It  is  noted  on 
William  Scull's  map  of  1770.  The  furnace  and  forge  were 
located  about  six  miles  from  the  mouth  of  French  creek  and 
about  five  miles  distant  from  Coventry  forge,  which  was  far- 
ther up  the  stream.  Before  February  15,  1797,  a  rolling  and 
slitting  mill  had  been  added  to  the  forge.  We  do  not  hear  of 
the  steel  furnace  after  1780,  nor  of  the  forge  after  1800, 

In  1742  William  Branson,  then  owner  of  Reading  furnace, 
bought  from  John  Jenkins  a  tract  of  400  acres  of  land  on 
Conestoga  creek,  near  Churchtown,  in  Caernarvon  township, 
Lancaster  county,  ou  which  he  soon  afterwards  erected  two 
forges,  called  Windsor.  In  a  short  time,  as  we  are  informed 
by  James  McCaa,  "  Branson  sold  out  to  the  English  com- 
pany, who  were  Lynford  Lardner,  Samuel  Flower,  and  Rich- 
ard Hockley,  Eaqs.,  who  held  it  [Windsor]  for  thirty  years, 
when,  in  1773,  David  Jenkins,  son  of  tlie  original  proprietor, 
bought  the  half  interest  of  the  company  for  the  sum  of 
£2,500,  and  in  two  yeai-s  afterwards  bought  the  other  half  for 
the  sum  of  £2,400,  including  the  negroes  and  stock  used  on 
the  premises."  Robert  Jenkins  inherited  the  Windsor  forges 
from  his  father  David,  and  managed  them  with  great  success 
for  fifty  years,  dying  in  1848.  Tliey  have  since  been  aban- 
doned. 

David  Jenkins  was  a  member  of  the  Pemisylvania  legisla- 
ture in  1784.     Robert  Jenkins  was  a  member  of  the  legisla- 
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ture  in  1804  and  1805,  ami  from  1807  to  1811  he  was  a  mem- 
ber of  Congress.  Mrs.  Martha  J.  Neviu,  o£  Lancaster,  who 
died  at  her  home  near  that  city  on  January-  13,  1890,  at  the 
age  of  85  years,  was  a  daughter  of  Robert  Jenkins. 

AcreHus,  narrating  events  which  occurred  between  1750 
and  1756,  mentions  the  enterprises  of  Nutt  and  Branson  as 
follows :  "  Each  has  his  own  furnace— Branz  at  Reading,  Nutt 
at  Warwick.  Each  also  has  his  own  forges — Branz  in  Wind- 
sor. Nutt  supplies  four  forges  besides  his  own  in  Chester 
county."  Nutt  was  not  living  at  the  time  this  was  written, 
but  Acrelius's  confounding  of  ownersliip  is  easily  understood. 
Nor  is  it  probable  that  Branson  opemted  Windsor  forges  in 
1750.  In  that  year  he  is  reported  as  having  then  owned  a 
furnace  for  making  steel  in  Philadelphia,  and  about  1743  it  is 
known  that  he  sold  Windsor  forges  to  the  English  company, 
wliich  was  composed  of  liis  sons-in-law.  William  Branson 
wag  himself  an  Englishman,  who  emigrated  to  Pennsylvania 
about  1708  and  became  a  Philadelphia  merchant.  He  died 
in  1760. 

Continuing  up  the  Schuylkill  valley  we  find  in  1751  a 
forge  called  Moimt  Joy,  at  the  mouth  of  East  Valley  creek, 
on  the  Chester  county  side  of  the  creek,  one-third  of  which 
was  advertised  for  sale  on  the  4th  of  April  of  that  year  by 
Daniel  Walker,  and  the  remaining  two-thirds  on  the  26th  of 
September  of  the  same  year  by  Stephen  Evans  and  Joseph 
Williams.  In  Daniel  Walker's  advertisement  it  was  stated 
that  the  forge  was  "not  so  far  distant  from  three  furnaces." 
Pennypacker,  in  his  Annais  of  Phtenixville  and  its  Vicinity, 
says  that  the  ancestor  of  the  Walker  family  had  come  from 
England  with  William  Penn,  and  "at  a  very  early  date  had 
erected  the  small  forge  on  the  Valley  creek."  It  is  clear,  liow- 
ever,  that  in  1751  Daniel  Walker  owned  only  one-third  of  the 
forge,  Evans  and  Williams  owning  the  remainder.  In  1757, 
as  we  learn  from  Mrs.  James,  the  forge  was  sold  to  John 
Potts  by  the  executors  of  Stephen  Evans.  In, 1773  it  was 
owned  by  Joseph  Potts,  at  which  time  it  continued  to  be  le- 
gally designated  as  Mount  Joy  forge,  altliough  for  some  time 
previously  it  had  been  popularly  known  as  Valley  forge.  In 
that  year  Joseph  Potts  sold  one-hftlf  of  the  forge  to  Colonel 
William  Dcwees.     The  pig  iron  used  at  Valley  forge  was  sup- 
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plied  by  Warwick  furnace.  In  September,  1777,  the  forge  was 
Ijumed  by  the  Britisli,  and  in  December  of  ttie  Bame  j'ear  the 
Continental  array  under  Washington  was  intreoched  on  the 
Montgomery  county  side  of  Valley  creek,  opposite  to  Valley 
lorge.  General  Washington's  headquarters  were  eatablislied 
at  the  substantial  stone  house  of  Isaac  Potts,  also  on  the 
Montgomery  county  aide  of  Valley  creek.  This  house  is  still 
standing.  Isaac  PottB  was  not,  however,  at  tliis  time  an  owner 
of  Valley  forge. 

After  the  Revolutionary  war  was  ended  Isaac  and  David 
potts,  brothers,  erected  another  forge,  on  the  Montgomery 
county  side  of  Valley  creek,  and  about  three-eigliths  of  a 
mile  below  the  old  Mount  Joy  forge.  A  new  dara  was  built, 
whicli  raised  the  water  partly  over  the  site  of  the  old  forge. 
About  the  same  time,  and  as  early  as  1786,  a  slitting  mill 
was  built  on  the  Chester  county  side  of  the  stream  by  the 
auue  persons.  The  new  forge  was  called  Valley  forge.  It 
was  in  ruins  in  1816.  Other  iron  enterprises,  of  a  repro- 
ductive character,  were  establish e*^!  at  the  town  of  Valley 
Forge  early  in  the  present  century,  and  about  1818  east  steel 
to  be  use<i  in  the  manufacture  of  saws  was  made  here  for  a 
short  time.  About  1824  all  the  irou  works  at  Valley  Forge 
were  discontinued. 

William  Bird  was  an  enterprising  Englishman  who  es- 
tablished several  iron  enterprises  in  Berks  comity  before  the 
Revolution.  A  person  of  this  name  was  a  witness  of  Thomas 
Kutt^-r's  will  on  November  27, 1728,  when  he  appears  to  have 
/been  a  resident  of  Amity  township,  Berks  county.     In  1740 

1741  William  Bird  built  a  forgo  on  Hay  creek,  near  its 
Entrance  into  the  Schuylkill,  where  Birdsboro  now  stands. 
.Hopewell  furnace,  on  French  creek,  in  Union  township,  which 
was  in  operation  in  1883  but  is  n«w  abandoned,  is  said  by  tra- 
,dition  to  have  been  built  by  William  Bird  in  1759,  but  it  may 
,ve  been  built  by  his  son,  Mark  Bird,  about  1765,  As  early 
Bs  1760  William  Bird  built  Koxborough  furnace,  in  Heidel- 
berg township,  the  name  of  which  furnace  was  subsequently 
ichanged  to  Berkshire,  Dying  in  1762  his  estate  was  divided 
itween  his  widow  and  his  six  children.  Berkshire  furnace 
lell  to  his  son,  Mark  Bird,  who  sold  it  in  1764  to  John  Patton 
and  his  wife  Bridget,  who  had  been  the  wife  of  William  Bird. 
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In  1789  Bridget  Patton,  again  a  widow,  sold  the  furnace  ( 
George  Ege,  who  abandoned  it  about  1792,  in  which  year  t 
built  Reading  furnace,  on  Spring  creek,  in  Heidelbei^  tow 
ship.  On  the  site  of  Reading  furnace  two  Robesonia  i 
naces  were  afterwards  built,  only  one  of  which  is  now  statu 
ing.  Berkshire  furnace  manufactured  shot  and  shells  for  t 
Continental  army.  Mark  Bird  built  a  rolling  and  slittid 
mill  and  a  uail  factory  at  Birdsboro  about  the  time  of  t 
Revolution.  At  Trenton,  New  Jersey,  he  manufactured  vii 
He  failed  in  business  about  1788. 

Charming  forge,  on  Tuljiehocken  creek,  in  Berks  counq 
was  built  in  1749  by  John  George  Nikoll,  a  banmiersmitt 
and  Michael  Miller.     It  was  at  first  styled  Thdpefiocken  Ei» 
Hammer.     Mr.  Montgomery  says  that  it  was  owned  in  17l 
by -Henry  William  Stiegel,  and  that  in  1774  it  was  purchased 
by  George  Ege.     About  1777  Mr.  Ege  purchased  from  Con- 
gress tlie  services  of  thirty-four  Hessian  prisoners,  for  1 
purpose  of  cutting  a  channel  through  a  bed  of  rock  to  sud 
ply  with  water-power  a  slitting  mill  which  he  had  previoui 
erected.     W,  &   B.  F.  Taylor,  the  last  owners  of  tlie  foi^ 
inform  us  that  the  mill-race  here  referred  to  was  about  101 
yards  long,  from  12  to  20  feet  deep,  and  about  20  feet  wid^ 
and  that  it  was  cut  through  a  muss  of  solid  slate  rock  ta 
smootlily  as  if  done  with  a  broad-axe.     It  was  used  until 
1887,  when  the  forge  waa  abandoned.     In  1889  the  forge  dam 
was  washer)  away  by  a  freshet, 

George  Ege  was  for  almost  fifty  years  one  of  the  most 
prominent  ironmasters  in  Pennsylvania.  His  possessions  in 
Berks  county  were  at  one  time  princely.  He  died  in  1 
ber,  183(1.     He  was  a  native  of  Holland. 

On  William  ScuH'a  map  of  1770  Moselem  forge,  on  J 
en  creek,  Berks  county,  andvGulf  forge,  on  Gulf  creek,  in  I 
per  Merion  township,  Montgomerj-  county,  are  noted.     Helij 
stead,  Union,  and  Pottsgrove  were  the  names  of  other  forj 
existing  as  early  an  17M  in  Hie  Schuylkill  valley. 

Oley  furnace,  on  Furnace  creek,  u  branch  of  Manatawi 
creek,  about  eleven  miles  northeast  of  Reading,  was  1 
about  17ti5,  probably  by  Dietrich  Welcker,  as  we  loam  1 
Mr.  Montgomery.    It  was  last  in  operation  in  1886,  but  i 
abandoncnl  in  1887  iiml  disniautkHl  in  ISSS. 
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There  was  a  forge  on  Crum  creek,  about  two  miles  above 
the  town  of  Chester,  in  Delaware  county,  which  was  built  by 
Jolin  Crosby  and  Peter  Dicks  about  1742.  Peter  Kaini,  the 
Swede,  in  his  ZVaiWa  into  North  AnierUn,  written  in  1748  and 
1749,  thus  describes  it :  "  About  two  English  miles  behind 
Chester  I  passed  by  an  iron  forge,  which  was  to  the  right 
hand  by  the  road  sida  It  belonged  to  two  brothers,  as  I  was 
told.  The  ore,  however,  is  not  dug  here,  but  thirty  or  forty 
miles  from  hence,  where  it  is  first  melted  in  the  oven,  and 
then  carried  to  this  place.  The  bellows  were  made  of  leather, 
and  both  tliey  and  the  hammers  and  even  the  hearth  [were] 
but  small  in  proportion  to  ours.  All  the  machines  were 
worked  by  water.  The  iron  was  wrought  into  bars."  The 
oven  here  referred  to  was  a  blast  furnace,  which  was  prob- 
ably located  in  the  Schuylkill  valley,  the  pigs  for  the  forge 
being  boated  down  the  Schuylkill  and  the  Delaware  and  up 
Crum  creek.  Acrelius  says  that  the  forge  was  owned  at  the 
time  of  his  visit  by  Peter  Dicks,  and  that  it  had  two  stacks, 
was  worked  sluggishly,  and  hod  "ruined  Crosby's  family," 

As  early  as  1742  John  Taylor  built  a  forge  on  Chester 
creek,  in  Thornbury  township,  Delaware  coimty,  where  Glen 
Mills  now  stand,  which  he  called  Sarum  iron  works.  In  1746 
he  added  a  rolling  and  slitting  mill.  These  works  are  said 
to  have  been  carried  on  with  energy  by  Mr.  Taylor  until  his 
death  in  1756.  Acrelius,  writing  about  the  time  of  Mr.  Tay- 
lor's death,  says:  "Sarum  belongs  to  Taylor's  heirs,  has  three 
jlacka,  and  is  in  full  blast."  Peter  Kalra  states  that  at  Chi- 
Aester  (Marcus  Hook)  "tliey  build  here  every  year  a  number 
of  small  ships  for  sale,  and  from  an  iron  work  which  lies 
liigher  up  in  the  country  they  carry  iron  bars  to  this  place 
und  sliip  them."  This  iron  work  was  probably  Sarum.  Tay- 
lors rolling  and  slitting  mill  was  the  first  in  Pennsylvania, 

John  Taylor  was  descended  from  a  family  of  the  same 
niuuG  in  Wiltshire,  England,  and  was  a  nephew  of  Jacob  Tay- 
lor, who  was  surveyor-general  of  Pennsylvania  from  1707  to 
1733.  His  business  operations  were  upon  an  extensive  and 
varied  soalo,  and  included  the  manufacture  of  nails  as  well  as 
uail  rods.  Tlie  tradition  is  preserved  by  his  descendants  that 
»>ou  aflipr  the  erection  of  the  slitting  mill  his  storekeeper,  in 
making  one  of  his  periodical  visits  to  England  to  replenish 
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bis  stock,  sorpriaed  the  Liverpool  merchants  by  telling  them 
that  he  could  buy  nails  at  Taylor's  mill  at  lower  prices  than 
tliey  quoted,  a  revelation  which  added  weight  to  the  clamor 
then  prevaiiii^  in  England  for  the  suppression  of  slitting 
mills  and  similar  iron  establishments  in  America,  and  which 
agitation  resulted  in  the  passage  in  1750  of  an  act  of  Parlia- 
ment which  prohibited  the  further  erection  of  such  workfl. 
But,  as  this  act  did  not  prohibit  the  carrying  on  of  works  that 
had  already  been  erected,  Taylor's  slitting  mill  was  kept  in 
operation  after  his  deatli,  first  by  his  son  John  and  aftt-rwards 
by  the  latter's  son-in-law,  Colonel  Persifor  Frazer.  During  the 
Revolution  the  superintendence  of  the  estate,  including  the 
management  of  the  iron  works,  devolved  upon  Mrs.  Frazer. 
The  works  were  abandoned  soon  after  the  war,  owing  in  part 
to  the  industrial  depression  which  then  prevailed. 

In  1750  there  was  a  "  plating  forge  to  work  with  a  tilt- 
hammer  "  in  Byberry  township,  in  the  northeastern  part  of 
Philadelphia  county,  the  only  one  in  the  province,  owned  by 
John  Hall,  but  not  then  in  use.  In  the  same  year  there 
were  two  steel  furnaces  in  Philadelphia,  one  of  which,  Ste- 
phen Paschall's,  was  built  in  1747  and  stood  on  a  lot  on  the 
northwest  comer  of  Eighth  and  Walnut  streets;  tlie  other  fur- 
nace was  owned  by  William  Branson,  and  was  located  near 
where  Thomas  Penn  "  first  lived,  at  the  upper  end  of  Chest- 
nut street"  These  furnaces  were  for  the  production  of  blister 
st«el.  There  appear  to  have  been  no  other  steel  furnaces  in 
the  province  in  1750.  Whitehead  Humphreys  was  in  1770 
the  proprietor  of  a  steel  furnace  on  Seventh  street,  between 
Market  and  Chestnut  streets,  in  Philadelphia,  where  he  als* 
made  edge  tools.  In  February,  1775,  Uriah  Woolnian  and  B. 
Shoemaker,  "  in  Market  street,  Philadelphia,"  advertised  in 
Dunlap's  Pennsylvania  Packet  "  Pennsylvania  steel,  manufac- 
tured by  W.  Humphreys,  of  an  excellent  quality,  and  war- 
ranted equal  to  English,  to  be  sold  in  blister,  faggot,  or  flat 
bar,  suitable  for  carriage  springs."  In  Watson's  Annals  it  is 
stated  that  about  the  year  1790  John  Xancarro,  a  Scotchman, 
"  had  a  furnace  underground  for  converting  iron  into  steel," 
located  at  the  northwest  corner  of  Ninth  and  Walnut  streets, 
Philadelphia.  We  have  already  referred  to  the  Vincent  sted' 
worka  in  Chester  county. 


I 


bi 


IRON    IN    ALL    AQE8. 


CHAPTER   XV. 


THE   MANUFACTURE  OF   IRON   IN   PENNSYLVANIA 
EXTENDED  TO  THE  SUSQUEHANNA. 

Elizabeth  furnacb,  near  Brickersville,  on  Middle  creek, 
a  tributary  of  Coiiestoga  creek,  in  Lancaster  county,  was 
built  about  1750  by  John  Huber,  a  Gennan.  It  was  a  small 
furnace,  and  did  not  prove  to  be  profitabla  In  1757  Huber 
sold  it  to  Henry  William  Stiegel  and  his  partners,  wlio  built  a 
new  and  larger  furnace,  which  was  operated  until  1775,  when, 
through  Stiegel's  embarrassments,  it  passed  into  the  hands  of 
Daniel  Benezet,  who  leased  it  to  Robert  Colemau,  who  subse- 
quently bought  it  and  eventually  became  the  moat  prominent 
ironmaster  in  Pennsylvania  at  the  close  of  the  last  century 
and  far  into  the  present  century.  Bishop  says  that  "some  of 
the  first  stoves  cast  in  this  coimtry  were  made  by  Baron  Stie- 
gel,  relics  of  which  still  remain  in  the  old  families  of  Lancas- 
ter and  Lebanon  counties."  Rev.  Joseph  Henry  Dubbs,  of 
Lancaster,  says  that  Stiegel's  stoves  bore  the  inscription : 

Siiron  Stiffftl  M  drr  Mann 
Drr  die  Ofeii  mncfteii  hinn. 

That  is,  "  Baron  Stiegel  is  tlie  man  who  knows  how  to  mak« 
stoves,"  On  the  furnace  erected  by  Huber  the  following  le- 
gend was  inscribed  ; 

Johann  Hiiber,  der  erHe  DeiUKhe  Manu 
Der  dm  Eitaiiverk  voll/ilhren  bmn. 

Freely  translated  this  inscription  reads:  "John  Huber  is  the 

first  German  who  knows  how  to  make  iron." 

In  1885  a  cast-iron  plate,  about  two  and  a  half  feet  square, 

was  found  doing  duty  as  the  hearth  of  an  old-fashioned  fire- 
^        place  in  Lancaster.     It  bore  on  the  under  side  an  inscription 

which  was  not  altogether  legible,  but  tlie  words   "  Stiegle  " 
I         and  "  Elizabeth,"  and  the  date  "  1758  "  were  plainly  legible. 

The  spelling  of  the  Baron's  name  ou  this  iron  plate  differs 

from  ^e  usual  spelling,  but  this  may  have  been  an  error  of 

the  pattern  maker. 
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Stiegel's  ownership  of  Charming  forge  in  1703  has  here- 
tofore been  mentioned.  In  that  year  he  sold  a  Iialf  interest 
to  Charles  and  Alexander  Stedmau,  of  Philadelphia,  and  in 
1773  the  sheriff  sold  his  remaining  interest.  Soon  after  1760 
he  established  a  glass  factory  at  Manheim,  in  Lancaster 
county,  called  the  American  flint-glass  factory,  which  was  in 
operation  as  late  as  1774.  He  was  a  native  of  Germany,  ar- 
riving in  this  country  on  August  31, 1750,  (old  style,)  in  the 
ship  Nancy,  from  Rotterdam.  He  is  buried  in  the  Lutheran 
graveyard  near  Womelsdorf,  in  Heidelberg  township,  Berks 
county.    In  his  last  days  he  taught  school  in  this  township. 

After  Elizabeth  furnace  came  into  the  possession  of  Robert 
Coleman  he  cast  shot  and  shells  and  cannon  for  the  Conti- 
nental army,  and  some  of  the  transactions  which  occurred  be- 
tween him  and  the  Government  in  settlement  of  his  accounts 
for  these  supplies  are  very  interesting.  On  November  16, 
1782,  appears  the  following  entry  :  "By  cash,  being  the  value 
of  42  German  prisoners  of  war,  at  X30  each,  £1,260  ;"  and  on 
June  14,  1783,  the  following  :  "By  cash,  being  the  value  of  28 
German  prisoners  of  war,  at  j£30  each,  £840."  In  a  foot-note 
to  these  credits  Robert  Coleman  certifies  "on  honour"  that 
the  above  70  prisoners  were  all  that  were  ever  secured  by 
him,  one  of  whom  being  returned  is  to  be  deducted  when  he 
produces  the  jiroper  voucher.  Rupp,  in  his  history  of  Lan- 
caster county,  mentions  that  in  1843  he  visited  one  of  the 
Hessian  mercenaries  who  was  disposed  of  in  this  manner  at 
the  close  of  the  war  for  the  sum  of  £80,  for  the  term  of 
three  years,  to  Captain  Jacob  Zimmerman  of  that  county. 

Ehzabeth  furnace  continued  in  operation  until  1856,  when 
it  was  abandoned  by  its  owner,  Hon.  G.  Dawson  Coleman, 
the  grandson  of  Robert  Coleman,  for  want  of  wood. 

Among  the  persons  who  were  employed  at  Windsor  forges 
under  the  English  company  was  Jaraes  Old,  a  forgeman. 
About  1765  he  built  Pool  forge,  on  Coiiestoga  creek,  about  a 
mile  below  Windsor  forges.  Early  records  mention  his  own- 
ership of  Quitapahilla  forge,  near  Lebanon,  and  other  forges 
in  Chester,  Lancaster,  and  Berks  counties.  In  1773  he  was 
a  lessee  of  Reading  furnace,  on  French  creek.  In  1795  he 
conveyed  Pool  forge  and  about  700  acres  of  land  attached 
to  it  to  liis  son,  Davies  Old. 
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James  Old  was  bom  in  Wales  in  1730.  He  emigrated  to 
Pennsylvania  previous  to  September  7, 1754,  wlien  his  name 
for  the  first  time  appears  in  the  register  of  Bangor  church,  at 
Churchtown,  Lancaster  county,  as  the  contributor  of  X5  to- 
ward the  erection  of  the  church  building.  Soon  after  hia  set- 
tlement at  Windsor  he  married  Margaretta  Davies,  a  daugh- 
ter of  Gabriel  Davies,  of  Lancaster  county.  Gabriel  Davies  is 
supposed  to  have  been  the  owner  of  the  site  on  which  Pool 
forge  was  built.  James  Old  died  on  May  1, 1809,  in  his  79th 
year,  and  is  buried  in  the  graveyard  of  Bangor  church.'  He 
was  one  of  the  most  enterprising  and  successful  of  early 
Pennsylvania  ironmasters.  He  had  a  brother  William,  also 
a  forgeman,  who  had  been  employed  at  Windsor  forges,  and 
who  is  said  to  have  embarked  in  the  manufacture  of  bar  iron 
on  his  own  account.  James  Old  was  a  member  of  the  Penn- 
sylvania legislature  in  1791,  1792,  and  1793, 

William  Old,  a  son  of  James  Old,  married  Elizabeth  Stiegel, 
the  daughter  of  Baron  Stiegel.  She  is  buried  in  the  same  rural 
graveyard  which  holds  the  remains  of  her  father.  The  lata 
Mrs.  Henry  Morris,  of  Philadelphia,  was  her  granddaughter. 

Robert  Coleman  was  iu  his  younger  days  in  the  service 
of  James  Old,  and  while  with  him  at  Reading  furnace  in  1773 
he  married  his  daughter  Ann.  Soon  afterwards  he  rented 
Salford  forgo,  above  Norristown,  in  Montgomery  county,  and 
remained  there  three  years.  While  at  this  forge  he  man- 
afactured  chain  bars,  which  were  used  to  span  the  Delaware 
river  for  the  defense  of  Philadelphia  against  the  approach  of 
the  British  fleet.  From  Salford  forge  he  went  to  Elizabeth 
furnace.  He  was  bom  near  Castle  Fin,  in  Donegal  county, 
and  not  far  from  the  city  of  Londonderry,  in  Ireland,  on  the 
4th  of  November,  1748.  In  1764,  when  16  years  old,  he  left 
Ireland  for  America.  He  died  at  Lancaster  in  1825,  at  which 
place  he  is  buried.  He  was  an  officer  in  the  Pennsylvania 
militia  during  the  Revolution,  a  member  of  the  State  con- 
vention which  framed  the  Constitution  of  1790,  a  member  of 
the  legislature,  raised  and  commande<l  a  troop  of  cavalry 
during  the  whisky  insurrection,  was  a  Presidential  elector-at- 
large  in  1792  and  a  Presidential  elector  for  his  Congressional 
district  in  1796,  and  for  nearly  twenty  years  was  an  associate 
judge  of  I.Ancast«r  county. 
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Cyrus  Jacobs  married  Margaretta,  another  daughter  of 
Jamea  Old,  about  1782,  At  that  time  Mr.  Jacobs  was  living 
at  Churchtown,  in  the  employment  of  James  Old  as  a  cleric 
at  Pool  forge.  He  was  at  Gibraltar  forge  in  Berks  county  in 
1787  and  at  Hopewell  forge  in  Lancaster  county  from  1789 
to  1792.  In  1793  he  built  Sprmg  Grove  forge,  on  Conestoga 
creek,  about  three  miles  west  of  Pool  forge,  and  in  1799  he 
purchased  Pool  forge  from  Daviea  Old.  Pool  forge  was  active 
until  1861  or  1862,  and  Spring  Grove  forge  until  1866,  after 
wliicH  years  they  were  respectively  abandoned.  Cyrus  Jacobs 
was  born  in  1761,  and  died  in  1830  at  Whitehall,  near  Church- 
town.     He  is  buried  in  the  graveyard  of  Bangor  church. 

Cornwall  furnace,  located  within  the  limits  of  the  now 
celebrated  Cornwall  ore  hills,  on  Furnace  creek,  in  Lebanon 
county,  a  few  miles  south  of  Lebanon,  was  built  in  1742  by 
Peter  Grubb,  whose  descendants  to  this  day  have  been  prom- 
inent Pennsylvania  ironmasters.  He  was  the  son  of  John 
Grubb,  a  native  of  Cornwall,  in  England,  who  emigrated  to 
this  country  in  the  preceding  century,  landing  at  Grubb's 
Landing,  on  tlie  Delaware,  near  Wilmington,  at  which  lat- 
ter place  he  is  buried.  There  is  evidence  that  Peter  Grubb 
was  already  an  ironmaster  before  he  built  Cornwall  furnace, 
and  a  tradition  in  his  family  says  that  in  1735  he  built  a 
furnace  or  bloomary,  most  likely  the  latter,  about  five-eighths 
of  a  mile  from  the  site  of  Cornwall  furnace.  He  died  intes- 
tate about  1754,  and  his  estate,  including  the  Cornwall  ore 
hills,  descended  to  his  two  sons,  Curtis  and  Peter  Grubb,  who 
were  afterwards  colonels  during  the  Revolution. 

A  few  years  after  the  death  of  Peter  Grubb  Acrelius  wrote 
of  Cornwall  furnace  as  follows:  "  Cornwall,  or  Grubb's  iron 
works,  in  Lancaster  county.  The  mine  is  rich  and  abundant, 
forty  feet  deep,  commencing  two  feet  under  the  earth's  surface. 
The  ore  is  somewhat  mixed  with  sulphur  and  copper.  Peter 
Grubb  was  its  discoverer.  Here  there  is  a  furnace  which 
makes  twenty-four  tons  of  iron  a  week  and  keeps  six  forges  , 
regularly  at  work — two  of  his  o«^l,  two  belonging  to  Germans 
in  the  neighborhood,  and  two  in  Maryland.  The  pig  iron  is 
carried  to  the  Susquehanna  river,  thence  to  Maryland,  and 
finally  to  England.  The  bar  iron  is  sold  mostly  in  the  country 
and  in  the  interior  towns  ;  the  remainder  in  Philadelphia.     It 
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belongs  to  the  heirs  of  the  Grubb  estate,  but  is  now  rented  to 
Gurrit  A  Co."     This  firm  was  doubtless  Garret  &  Co. 

During  the  Revolution  Cornwall  furnace  east  cannon  and 
shot  and  shells  for  the  Continental  army.  It  was  in  opera- 
tion as  late  as  1882,  and  is  still  in  good  condition.  It  is  the 
oldest  charcoal  furnace  in  the  United  States  that  is  yet  stand- 
ing in  it'i  entirety.    It  luis  always  used  charcoal. 

In  1785  Robert  Cileman  purchased  a  one-sixth  interest  in 
Cornwall  furnace  and  the  ore  hills.  After  that  year,  through 
successive  purchases  from  the  Grubba,  lie  obtained  four  addi- 
tional sixths  of  the  Cornwall  property.  His  total  purchases 
of  this  valuable  property  remain  in  the  hands  of  his  descend- 
ants at  thii*  day. 
'  Martic  forge,  on  Pequea  creek,  near  the  present  village  of 
Coleraauville,  in  Lancaster  county,  was  built  in  1755,  and  was 
last  in  operation  in  1883.  Early  in  this  century  cemented, 
or  blister,  steel  was  made  liere.  Robert  S.  Potts,  one  of  the 
last  owners  of  Martic  forge,  wrote  us  a  few  years  ago  as  fol- 
lows :  "  There  used  to  bo  a  small  rolling  mill  near  the  forge 
tliat  stopped  running  some  fifty  yeai-s  ago.  There  was  also 
a  charcoal  furnace  called  Martic  six  miles  east  of  the  forge, 
but  I  have  been  unable  to  ascertain  its  history  beyond  the 
fact  that  it  was  owned  and  operated  by  the  Martic  Forge 
Company ;  when  that  was,  however,  or  how  long  it  was  in  blast, 
I  can  not  learn.  The  old  cinder  bank  is  still  visible.  During 
the  Revolution  round  iron  was  drawn  under  the  hammer  at 
the  forge  and  bored  out  for  musket  barrels  at  a  boring  mill, 
in  a  very  retired  spot,  on  a  small  stream  far  off  from  any  pub- 
lic road,  doubtless  with  a  view  to  prevent  discovery  by  the  en- 
emy. The  site  is  still  visible."  In  1769  Martic  furnace  and 
forge  were  advertised  for  sale  by  the  sheriff,  together  with 
3,400  acres  of  land  and  other  property,  "  all  late  the  property 
of  Thomas  Smith,  James  Wallace,  and  James  Fulton."  The 
furnace  was  in  existence  about  1793,  but  was  not  then  active. 

Robert  S,  Potts,  surviving  partner  of  the  firm  of  Davies 
&  Potts,  which  owned  Martic  forge  for  many  years,  died  in 
June,  1886.  Negro  slaves  were  employed  from  the  beginning 
in  hammering  iron  at  this  forge,  and  it  is  a  curious  fact  that 
n^roes  continued  to  be  the  principal  workmen  domi  to  the 
abandonment  of  active  operations  in   1883.     The  forge  was 
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finally  abandoned  in  1886.     A  long  row  of  stone  houses  was 
occupied  by  the  negro  workmen. 

Hopewell  forge,  on  Hammer  creek,  in  Lancaster  county, 
about  ten  miles  south  of  Lebanon,  was  built  by  Peter  Grubb 
soon  after  he  built  Cornwall  furnace.  Speedwell  forge  on  the 
Siime  stream,  near  Brick ersville,  in  Lancaster  county,  was  built 
about  1750,  also  by  Peter  Grubb. 

The  iron  industry  of  Pennsylvania*  crossed  the  Susque- 
hanna at  a  very  early  period.  Acrelius  says  that  there  was 
a  bloomary  in  York  county  in  1756,  owned  by  Peter  Dicks, 
who  had  but  recently  discovered  "the  mine."  In  Gibson's 
History  of  York  County  Greorge  R.  Prowell,  of  York,  locates 
tliis  bloomary  in  Jackson  township,  on  a  branch  of  CJodorus 
creek,  where  a  forge  known  as  Spring  forge  was  built  in  1770 
to  take  the  place  of  the  bloomary.  This  forge  was  in  opera- 
tion as  late  as  1850,  but  was  abandoned  in  that  year.  Spring 
forge  was  a  famous  enterprise  in  its  day,  pig  iron  being  sup- 
plied to  it  from  neighboring  furnaces. 

The  researches  of  Mr.  Prowell  establish  the  fact  that  the 
first  blast  furnace  west  of  the  Susquehanna  was  built  in  1763 
on  Furnace  creek,  in  West  Manheim  township,  in  the  extreme 
southwestern  i>art  of  York  county,  by  George  Ross,  a  lawyer 
of  Liuioaster,  imd  Mark  Bird,  of  Philadelphia.  It  was  called 
Mary  Ann  furnace.  The  building  of  the  furnace  was  com- 
nunuHHl  in  17t>i  In  1763  the  owners  petitioned  the  court  of 
York  i\>unty  to  ojhmi  a  public  road  from  their  furnace  "  late- 
ly Iniilt  at  a  gre*U  expense  "  to  the  road  from  the  Conewago 
sottloinont  to  lli\ltiniore,  and  in  1766  they  petitioned  the  court 
to  opon  a  nvui  from  their  furnace  to  the  Monocacy  road  at 
Fn\loriok  EioholWrgor  s  tavern.  The  name  of  the  firm  which 
owiu\l  tlio  funuuv  waj!  George  Ross  &  Co.  A  great  many 
r'k'Vtrs  won^  i*5\:it  at  thi:?  furnace,  and  during  the  Revolution 
A  ca>T  many  shot  and  sliolls.  It  finally  went  out  of  blast 
b>.»;:i  ISiXl  Gtvnn^  R^>!^  was  one  of  the  signers  of  the  Dec- 
^h^'i.:::::  of  Indojvndon^w 

Ii.  ITf>5  a  ton^^  \\^\s  onvt^xi  bv  William  Bennett  on  the 
H'.»*. ;..  rMr  of  C\vlorus  onvk,  no8\r  its  junction  with  the  Sus- 
juri.Ljjiii.  in  Horiani  township.  York  eoimty.  In  1810  tlie 
;»!.';h:"-t  Tsri.:..'!.  h;ui  pn^viv^usly  Iven  known  as  Hellam  forge, 
vh^    -•juzii'.  rv  Ilonrv  iiruM\  and  after  that  date  the  works 
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were  known  as  Codonis  forge.  In  1836  Mr.  Grubb  inMe<l  a 
charcoal  furnace,  which  made  pig  iron  for  the  forge.  Pre- 
vious to  this  time  the  forge  was  supplied  with  pig  iron  from 
Cornwall  and  other  neighboring  furnaces.  Bar  iron  was  ship- 
ped down  the  Susquelianna  to  tidewater  and  thence  to  Balti- 
more and  Philadelphia.  James  Smith,  a  signer  of  the  Dec- 
laration, owned  theseworks  during  the  Revolution,  and  they 
were  the  cause  of  liis  financial  ruin.  The  furnace  ceased  oji- 
erationa  in  1850.     The  forge  had  previously  been  abandoned. 

Soon  aft«r  1762  a  furnace  and  forge  were  built  at  Boiling 
Springs,  in  Cumberland  county,  forming  the  nucleus  of  the 
Carlisle  iron  works,  which  afterwards  embraced  a  blast  fur- 
nace, a  rolling  and  slitting  mill,  and  a  steel  furnace.  The 
furnace  and  forge  were  built  by  a  company  composed  of  Jo- 
seph Morris,  John  Morris,  Samuel  Morris,  Amos  Stuttle,  and 
John  Armstrong,  all  of  Philadelphia.  The  site  of  these  en- 
terprises, with  some  contiguous  territory,  was  purchased  from 
John  Rigby  and  Nathan  Giles.  Michael  Ege  owned  them 
after  1782.  On  a  tax  list  at  Carlisle  Robert  Thornburg  &  Co, 
appear  as  the  owners  of  a  forge  in  1767  to  which  1,200  acres 
of  land  were  attached.  We  can  not  locate  this  forge.  Pine 
Grove  furnace,  in  the  same  county,  was  built  about  1770  by 
Thornburg  &  Arthur.  In  1782  Michael  Ege  became  a  part 
owner  of  the  furnace  an<l  subsequently  sole  owner.  A  forge 
called  Laurel,  built  in  1830,  was  attached  to  tliis  fiu-nace. 
Both  the  furnace  and  forge  are  still  in  o[>eration.  Holly  fur- 
nace and  forge,  at  Mount  Holly  Springs,  in  the  same  county, 
are  said  to  have  been  built  about  1770  by  a  Mr.  Stevenson. 
The  sites  of  both  enterprises  are  still  visible.  The  forge  was 
in  existence  as  late  as  1848.  The  furnace  was  torn  down  in 
1865  to  give  place  to  a  paper  mill.  It  was  once  owned  by 
Michael  Ege. 

No  other  iron  works  west  of  the  Susquehanna  are  known 
to  have  been  established  previous  to  the  Revolution, 
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CHAPTER   X\l. 

'  HARAl.TEBISnCVf   OF   THE    EARLY   IROX  INDUSTRY 

OF   PE>"N'SYLVAyiA 

Althouoh  ail  the  iron  enterprises  that  were  established 
in  Pennsvivania  prior  to  the  Revolution  have  not  been  men- 
tioneii  in  the  prece»ling  pages,  those  which  have  been  men- 
tioneil  indicate  remarkable  activity  in  the  development  of  the 
iron  resources  of  the  province.  Pennsylvania  was  almost  the 
last  of  the  thineen  colonies  to  be  occupied  by  permanent  Eng- 
lish settlements,  and  even  after  these  settlements  were  made 
a  long  time  elapsed,  very  strangely,  before  the  erection  of  iron 
works  was  successfullv  undertaken.  The  manufacture  of  iron 
was  not  fairlv  commenceil  in  Pennsvlvania  until  1716,  but 
after  this  time  it  grew  rapidly,  and  in  the  sixty  years  which 
intervened  before  the  commencement  of  hostilities  with  the 
mother  country  probably  sixty  blast  furnaces  and  forges  and 
several  slitting  mills  and  steel  works  were  built,  a  rate  of 
progress  which  was  not  attained  by  any  other  colony  in  the 
same  perio<i. 

In  his  History  of  Xetc  Siceden  Acrelius  says :  **  Pennsyl- 
vania, in  regard  to  its  iron  works,  is  the  most  advanced  of  all 
the  American  colonies/'  Many  of  these  enterprises  were  up- 
on a  scale  that  would  have  done  credit  to  a  much  later  pe- 
riod of  the  American  iron  industrv.  Cornwall  and  Warwick 
furnaces  were  each  32  feet  high,  21i  feet  square  at  the  base, 
and  11  feet  square  at  the  top.  Warwick  was  at  first  9  feet 
wide  at  the  boshes,  but  was  afterwards  nxiuced  to  7i  feet 
The  forges  were  usually  those  in  which  pig  iron  was  refined 
into  hi\T  iron  "  in  the  Walloon  stvle,''  as  stated  bv  Acrelius. 
Therf-  were  few  ore  bloomaries,  and  nearlv  all  of  these  were 
built  at  an  early  dav.  Acrelius  mentions  onlv  one  of  this 
class — Peter  Dicks'  bloomarv,  in  York  county.  The  smaller 
fnmacffs  yielded  only  from  1^  to  2  tons  of  pig  iron  daily,  but 
tho  larger  ones  viehleil  from  3  to  4  tons.  Reading,  Waniv4ck, 
and  Cornwall  furnaces  each  made  from  25  to  30  tons  of  iron 
[HT  week.     The  furnaces  were  requireil  to  produce  both  pig 
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iron  and  castings,  the  latter  consisting  of  stoves,  pots,  kettles, 
andirons,  and  similar  articles.  Of  the  product  of  the  forges 
Acrelius  says  that  "  one  forge,  with  three  hearths  in  good  con- 
dition and  well  attended  to,  is  expected  to  give  2  tons  a  week." 
The  same  writer  says  that  "  for  four  months  in  suinnier,  when 
the  heat  is  most  oppressive,  all  labor  is  suspended  at  the 
furnaces  and  forges."  The  scarcity  of  water  at  this  season 
would  also  have  much  to  do  with  this  suspension,  all  of  the 
works  being  operated  by  water-power. 

The  German  traveler,  Schoepf,  writing  in  1783  of  some 
Pennsylvania  furnaces  and  forges,  makes  the  following  men- 
tion of  Warwick  and  Reading  furnaces :  "  Warwick  furnace, 
19  miles  from  Reading,  near  Pottsgrove,  makes  the  most  iron, 
often  40  tons  a  week ;  the  iron  ore  lies  10  feet  under  the  sur- 
face. Reading  furnace,  not  far  from  the  former,  is  at  present 
fallen  into  decay.  Here  the  smelting  would  formerly  often 
continue  from  12  to  18  months  at  a  stretch." 

At  first  large  leather  bellows  were  used  exclusively  to  blow 
both  the  forges  and  the  furnaces,  but  afterwards,  about  the 
time  of  the  Revolution,  wooden  cylinders,  or  "tubs,"  were  also 
used.  It  was  not  until  after  the  beginning  of  the  present 
century  that  steain-power  was  experimentally  used  to  produce 
the  blast  at  either  furnaces  or  forges  in  Pennsylvania,  or  in 
any  other  State.  Warwick  and  Cornwall  furnaces,  two  of 
the  best  furnaces  of  the  last  century,  retained  their  long 
leather  bellows  until  the  present  century.  Bishop  says  that 
Warwick  furnace  "  was  blown  by  long  wooden  bellows  pro- 
pelled by  water  wheels,  and  when  in  blast  made  25  or  30  tons 
of  iron  per  week."  Reading  furnace,  a  rival  of  both  War- 
wick and  Cornwall,  was  also  blown  with  leather  bellows.  The 
Cornwall  bellows  was  20  feet  7  inches  long,  5  feet  10  inches 
wide  across  the  breech,  and  14  inches  wide  at  the  insertion  of 
the  nozzle.  Only  one  tuyere  was  used.  The  fuel  used  was 
exclusively  charcoal,  and  the  blast  was  always  cold,  Schoepf 
says  that  about  400  bushels  of  charcoal  were  required  to  pro- 
duce from  the  ore  a  ton  of  hammered  bar  iron.  He  also  says 
that  mahogany  was  usetl  to  make  the  moulds  for  the  castings 
at  the  furnaces,  "because  it  warps  and  cracks  the  least." 

The  following  notice  of  the  workmen  employed  in  making 
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iron  in  Pennsylvania   twenty  years  jirior  to  the  Revolution,  ^H 


The  worlcmen  are  partly  English'  and  partly  Irish,  with  some  few  G< 
Riana,  though  the  work  ie  carried  on  after  the  English  mctliod.  The  p 
iron  is  smelted  into  "  geese,"  {"  gcesar,")  and  is  cast  from  five  to  six  feet  long 
and  a  half  foot  broad,  for  convenience  of  forging,  which  is  in  the  Wailoon 
style.  The  pigs  are  first  oi>erated  upon  by  the  finere,  (smeltera.)  Then  the 
chiffory,  or  hammer-men,  take  it  liaok  again  into  their  hands,  and  beat  out 
the  long  bars.  The  fineis  ore  paid  30b.  a  ton  and  the  lianimer-men  iHe.  ild. 
per  ton ;  that  is  to  say,  both  together,  £.2  13e.  9d.  The  laborers  are  generally 
composed  partly  of  negroes,  (slaves,)  partly  of  servants  from  Germany  or 
Ireland  bought  for  a  term  of  years.  A  good  negro  is  bought  for  from  £30 
to  £40  sterling,  which  is  eijual  to  1,500  or  3,000  of  our  dollars,  koppar  mynt. 
Their  clothing  may  amount  to  76  doilara,  koppnr  mynt,  their  food,  325  ditto 
— very  little,  indeed,  for  the  year.  The  negroes  are  better  ttwited  in  Penn- 
sylvania than  anywhere  else  in  America.  A  while  servant  costs  350  dollars, 
kopiiar  mynt,  and  his  food  is  estimated  at  325  dollats  more,  of  the  same 
coinage.  For  four  months,  iu  summer,  when  the  heat  is  most  oppressive, 
all  labor  is  suspended  at  the  fiimaeee  and  forges.  Pig-iron  is  sold  at  the  Air- 
naoes  tor  from  £3  6s.  8d.  to  £3  lOe.  per  ton.    Bar-iron  at  the  forge  brings  £20 
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per  ton,  or  20b.  per  100  pounds.    It  is  aold  dear, 
given.    Pig-iron  is  sold  in  Philadelphia  at  £5  per  1 
quantities,  at  from  £14  to  £1(1  per  ton.     It  certainly  ( 
the  price  is  diminished  after  the  long  transportatit 
this  people  find  their  profit. 

The  iron-works  of  Pennsylvania  lie  mostly  within  fori^y  miles  of  Phila- 
delphia. The  carriage  for  such  a  distance  does  not  exceed  twenty  ehillinga 
sterling  per  ton.  As  a.  aet^iff  to  this  is  reckoned  the  return  freight  upon 
goods  serviceable  for  the  storehouse  of  the  works. 

The  sherifFs  advertisement  for  the  sale  of  Martic  furnace 
ami  forge,  in  1769,  already  referred  to,  and  which  we  give 
below,  indicates  very  correctly  the  extent  and  character  of 
a  representative  Pennsylvania  iron  enterprise  before  the  Rev- 
olution. 

By  virtue  of  a  writ  to  me  diret^led,  will  be  espoeed  to  sale,  by  public 
vendue,  on  the  30th  day  of  January  insL,  at  10  o'clock  in  the  morning,  at 
Martipk  Furnace,  in  Lancaster  county,  the  said  fiimace  and  forge,  together 
with  upwards  of  3,400  acres  of  land,  thereunto  belonging.  The  improve- 
ments at  Ixith  furnace  and  forge  are  very  good,  vie.  ;  At  the  fiimace,  a  good 
dwelling-house,  stores,  and  compting-house.  a  large  coal-hoose,  with  eight 
dwelling-houses  fur  the  labourere,  a  good  grist-mill.  Smith's  and  Corpenter'a 
shops,  6  good  log  stables,  with  4  bays  for  hay,  a  number  of  pot  patterns,  and 
some  flasks  for  ditto,  stove  moulds,  &c.,  &c. ;  a  good  mine  hank,  abounding 
with  plenty  of  ore,  so  convenient  that  one  team  can  haul  three  loads  a  day ; 
about  15  at'res  of  goo<l   watered  meadow,  and  as  nmch  adjoining 
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roade:  The  Forge  ia  about  4  miles  disUnt,  now  in  (food  order,  with  fonr 
fires,  two  hammers,  and  very  good  wooden  bellows,  a  dwelling- bouse,  store, 
and  compting-bouse,  with  sis  dwelling-houses  for  tbe  lalK>urers,  two  very 
good  coal-houses,  large  enough  to  contain  six  months'  stock,  three  stables, 
Smith's  and  Carpenter's  shops,  two  acres  of  meadow  made,  and  about  1,500 
cords  of  wood,  cut  in  tbe  woods  at  both  places ;  there  is  plenty  of  water  at 
said  works  in  the  driest  season,  and  they  are  situated  in  a  plentiful  part  of 
the  country,  where  they  can  be  supplied  with  neeessaries  on  the  lowest 
terms :  And  to  be  sold  the  same  day,  a  very  good  plantation,  containing  200 
acrce  of  patent  land,  dear  of  quitrent,  ai^oiQing  the  lands  of  Beitjamin 
Ashleman,  the  Widow  Huiman,  and  others,  in  Conestogo  township.  Alao  . 
two  slaves,  one  a  Mulattoe  man,  a  good  forge  man,  the  other  a  Negro  man, 
and  three  teams  of  horses,  with  waggons  and  gears,  Ac.  All  late  the  prop- 
erty of  Thomas  Smith,  James  Wallace,  and  James  Fulton ;  aeized  and  taken 
in  execution,  and  to  be  sold  by  JAMBt  Webb,  Slimff. 

Although  the  early  fumuees  and  forges  o£  Pennsylvania 
were  subject  to  vicissitudes  which  sometimes  brought  them 
under  the  sheriff's  hammer  it  is  nevertheless  true  that  theif 
owners  were  almost  feudal  lords,  to  whom  their  workmen  and 
their  workmen's  families  looked  for  counsel  and  guidance  in 
all  the  affairs  of  life  as  well  as  for  employment ;  whose  word 
was  law ;  who  often  litaraily  owned  their  black  laborers,  and 
to  whom  white  "  redemptioners"  were  frequently  bound  for 
a  terra  of  years  to  pay  the  cost  of  their  passage  across  the 
ocean ;  who  cultivated  farms  as  well  as  made  iron ;  who 
controlled  the  politics  and  largely  maintained  the  churches 
and  schools  of  their  several  neighborhoods ;  who  were  cap- 
tains and  colonels  of  military  organizations ;  whose  wives  and 
daughters  were  grand  ladies  in  the  eyes  of  the  simple  peo- 
ple around  them ;  whose  dwellings  were  usually  substantial 
structures,  which  were  well  furnished  for  that  day  and  order- 
ed in  a  style  of  liberality  and  hospitality.  The  authority  ex- 
ercised by  these  old  Pennsylvania  ironmasters  was  indeed  ba- 
ronial, but  it  was  also  patriarchal.  These  pioneers  were  not 
usually  hanl  taskmasters;  if  they  paid  only  low  wages  thej- 
frequently  made  only  small  profits  themselves ;  a  tie  of  com- 
mon interest,  stronger  than  exists,  to-day  under  similar  rela- 
tions, bound  master  and  workmen  together.  Whether  the 
workmen  were  their  own  masters  or  not  they  were  virtually 
fixtures  of  the  furnace  or  the  forge.  The  ladies  of  the  "  big 
house  "  disdained  not  their  poorer  sisters,  but  were  often  their 
teachers,  often  their  nurses  and  physicians,  and  always  knew 
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them  by  name  and  would  recognize  and  greet  them  with 
politeness.  If  daily  toil  was  the  common  heritage  of  the 
workmen  and  their  families  it  may  be  said  that  their  w^ants 
were  few  and  their  aspirations  were  humble.  If  there  were 
bare  floors  in  the  little  log  houses  there  was  food  and  there 
was  warmth  within  their  walls.  The  state  of  society  here 
briefly  described  was  not  free  from  the  dark  spots  which  vice, 
selfishness,  and  ignorance  give  to  society  everywhere,  but  in 
.  the  main  it  was  kindly,  satisfying,  and  uneventful  The 
years  glided  on  with  little  change,  and  there  was  content  on 
every  hand.  Those  "  good  old  colony  times,"  when  Pennsylva- 
nia was  still  a  British  province,  and  when  George  the  Second 
or  George  the  Third  was  king,  are  gone,  and  their  mediaeval 
flavor,  their  picturesqueness,  and  their  placidity  are  also  gone. 
The  great  State  makes  iron  now  in  a  different  way. 
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CHAPTER  XVII. 

THE    MANUFACTURE   OF  IRON   IN    PENNSYLVANIA 
AFTER  THE  REVOLUTION. 

After  the  Revolution  the  business  of  manufacturing 
iron  received  a  fresh  impulse  in  the  aistern  part  of  Pennsyl- 
vania and  was  further  extended  into  the  interior.  Chester, 
Lancaster,  and  Berks  counties  shared  conspicuously  in  the 
development  at  this  period  of  the  leading  manufacturing 
industry  of  the  State.  Many  blast  furnaces  and  forges  and 
a  few  rolling  and  slitting  mills  were  built  in  these  oountieo 
before  1800,  and  after  the  begimiing  of  the  present  century 
this  activity  continued.  A  few  of  the  earliest  iron  enterprises 
which  were  established  after  the  Revolution  in  these  and  in 
other  eastern  and  central  counties  will  be  mentioned,  begin- 
ning with  the  extreme  eastei-n  parts  of  the  State. 

The  first  iron  enterprises  in  the  Lehigh  valley,  which  is 
now  one  of  the  leading  iron  districts  of  the  country,  do  not 
appear  to  have  been  undertaken  until  after  the  beginning  of 
the  present  century.  A  bloomary  at  or  near  Jacobsbnrg,  in 
Northampton  coimty,  is  said  to  have  been  built  in  1805.  It 
was  in  operation  as  late  as  1849.  In  1808  William  Henry, 
of  Nazareth,  built  a  bloomary  in  Bushkill  township,  North- 
ampton county,  about  three  miles  north  of  Nazareth,  which 
was  start«d  in  1809,  making  its  first  bar  of  iron  on  the  9tli  of 
March  in  that  year.  In  1824  Matthew  S.  Henry,  a  son  of 
William  Henry,  built  a  furnace  called  Catharine,  in  BusbkiU 
township,  about  half  a  mile  from  his  father's  bloomary.  It 
made  its  first  ton  of  pig  iron  on  the  10th  of  May,  1825. 

Hampton  furnace,  near  Shimersville,  in  Lehigh  county, 
was  built  in  1809  by  David  Heimbtich  and  two  partners 
named  Wisselman  and  Cobelly.  Mr.  Heimbach  soon  pur- 
chased the  interest  of  his  partners  and  continued  to  operate 
the  furnace  until  1830,  after  which  year  it  was  owned  and 
operated  by  various  persons.  It  was  in  blast  as  late  as  1857. 
In  1820  David  Heimbach  and  his  son  David  built  Claris- 
Im  forge,  on  Aquashicola  creek,  in  Carbon  county.     In  1827 
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same  plac»e,  which  hr  op^rauid  TiL:i:i  Li§  -ir^ksL  in  1^534.  In 
1S37  the  furnace  and  forge  were  fxxL  p<:iy-fjB»ei  by  J<igeph 
J.  Albrighit.  .Samuel  P.  Templetocu  ai>i  Jaa^ji-  Ra!f^.  07  wiiom 
their  name  waa  c^Aarige^l  to  the  A^!iii#d  ir«jt  irorfc*.  In  IS41 
the  famaoe  and  forge  were  botli  Fwe|:4  av^j  by  a>  freshet. 
The  furnace  was  not  rebuilt,  hut  the  forge  was  ncbmt  bam- 
e^l  down,  again  rebuilt,  and  finally  abandocied  &boat  18^. 
On  April  14,  1%20.  David  Heinjbach  the  eiier  parehasEd  129 
a/.Te«  of  land  on  Poeopoco  cre^rk,  near  Weiagpoit,  in  Carbon 
county,  and  on  thb  tract  he  I>uiit  in  1S27  a  furnace  and 
forge,  which  he  called  New  Hampton.  The  name  of  this 
fnuisutih  and  forge  was  change<l  to  Maria  in  1S36  by  WiUiam 
Miller,  who  purchase^l  them  in  that  year.  The  furnace  was 
finally  blowTi  out  in  18o9.    All  these  were  charcoal  enterprises^ 

In  182f^  Stephen  Balliet  and  Samuel  Helfrick  built  Le- 
high fuma^re,  on  Trout  creek,  at  the  foot  of  the  Kittatinny 
mountain^,  in  Heidellicrg  <now  Washington  >  township,  in 
Lehigh  county.  It  was  a  small  furnace,  30  feet  high  and  7 
fe^/t  wide  at  the  boshes.  The  furnace  was  operated  by  this 
firm  until  the  death  of  Mr.  Helfrick  in  1830.  In  1832  Mr. 
Balliet  lx<:ame  its  sole  owner.  He  continued  to  operate  the 
furnace  until  his  death  in  1854.  It  has  since  been  abandoned. 
In  1828  Mr.  Balliet  and  Mr.  Helfrick  built  Penn  forge,  in 
East  Penn  township,  CarVx^n  county,  which  was  also  jointly 
o\}(irauA  Va'  them  until  the  death  of  Mr.  Helfrick,  and  sub- 
s^yjuently  by  Mr.  Balliet  until  his  death.  In  1837  Mr.  Balliet 
built  Penn  furnace,  near  the  forge.  About  1858  this  furnace 
was  purchase<l  by  John  Balliet,  a  son  of  Stephen  Balliet,  by 
whom  it  was  owne^l  and  oi>erated  until  1886,  when  it  was 
abandone^l  after  the  death  of  its  owner  in  that  vear.  It  had 
long  be-^-n  calle<l  East  Penn  furnace.  It  was  the  last  charcoal 
furnace  in  operation  in  the  Lehigh  valley. 

In  tli<-  collection  of  the  foregoing  details  concerning  the 
enterprise's  of  the  HeimViaclis  and  Stephen  Balliet  and  Sam- 
uel Helfrick  we  have  had  the  assistance  of  Mr.  Hungerford. 

In  1830  a  small  rolling  mill  was  built  at  South  Easton, 
ill  Northampton  county,  by  John  Stewart  and  others.  This 
w;j8  [;robabIy  the  first  rolling  mill  in  the  Lehigh  valley.  John 
Ht^rwart  d'uA  at  Easton  on  April  13,  1885,  in  his  89th  year. 


Two  charcoal  bloomaries  were  built  in  Carbon  county 
I  after  the  beginning  of  tlie  anthracite  era — Anthony's,  near 
Lehigh  Gap,  in  1843,  and  Pine  Run,  near  Lehighton,  in  1848. 
A  bloomary  forge  called  Analomink  was  built  near  Strouds- 
burg,  in  Monroe  county,  in  1829.  In  1843  Day  styled  it  a 
"large  forge."  All  the  forges  and  ore  bloomaries  in  the  Le- 
high valley  have  been  abandoned.  All  the  bloomarics,  six  in 
number,  were  supplied  with  ore  from  Northern  New  Jersey. 
The  Cheltenham  rolling  mill,  on  Tacony  creek,  in  Mont- 
gomery county,  one  mile  below  Shoemakertown,  was  built 
in  1790,  probably  by  James  and  Maxwell  Rowland.  In  1849 
and  subsequently  it  was  operated  by  Rowland  &  Hunt,  mak- 
•jng  boiler  plates  from  blooms.  It  was  abandoned  in  1858. 
At  first  it  was  used  to  slit  nail  rods.  The  firm  of  Rowland 
&  Hunt  was  composed  of  Mrs.  Harriet  M.  Rowland,  a  widow, 
and  Mr.  Alfred  Hunt,  Mrs.  Rowland  ow^lillg  the  mill. 

Alfred  Hunt,  who  had  been  the  president  of  the  Bethle- 
hem Iron  Company  from  its  organization  in  1860,  died  on 
March  27.  1888,  at  the  residence  of  his  brother,  Mordecai 
Hunt,  at  Moorestown,  New  Jersey.  Mr.  Hunt  was  born  of 
Quaker  parentage,  at  Brownsville,  Pa.,  on  April  5,  1817,  He 
was  buried  at  Moorestown  on  March  31st. 

In  1790  Benjamin  Longstreth  erected  a  rolling  and  alit- 
f  ting  mil!  at  Phoenixville  in  Chester  county,  where  the  found- 
I  ry  now  stands.  This  was  the  beginning  of  the  present  exten- 
■  Bive  works  of  the  Phoanix  Iron  Company. 

Clemens  Rentgen,  a  native  of  the  Palatinate,  in  Germany, 
emigrate  in  1791  from  the  town  of  Zweibriicken,  in  Bava- 
ria, to  Kimberton,  in  Cheater  county,  about  six  miles  from 
Phcenixville,  where  he  purchased  a  forge  on  French  creek. 
I  At  Knauertown  he  unsuccessfully  undertook  to  manufacture 
'  steel.     His  forge  waa  continued,  and  to  it  he  added  a  small 
[  rolling  mill.     His  various  enterprises   were   known  as  the 
Pikeland  works,  Pikeland  being  the  name  of  the  township 
I  in  which  they  were  situated. 

On  November  17,  1796,  Mr.  Rentgen  obtained  a  patent  for 
an  invention  for  "forging  bolts  or  round  iron"  by  a  machine 
which  he  described  in  the  following  words:  "This  machine 
consists  of  a  strong  platform,  of  a  given  size,  in  which  are 
I  fixed  two  upright  post«.     In  these  posts  is  fixed  an  axle  go- 
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ing  Uirough  the  handle  of  a  concave  hammef  or  sledge,  at 
the  extreme  end  of  which  is  fixed  a  cog-wheel,  whose  cogs, 
operating  on  the  tever  or  handle  of  the  said  coocaTe  haio- 
mer  or  el«lge,  cause  it  to  operate  apon  a  concave  anvil  apon 
which  the  iron  to  be  nTought  is  placed.  The  concavitj-  of 
this  anvil  is  aboat  one-eighth  of  the  dimensions  of  that  of 
the  said  hammer  or  sledge.  This  machine  is  set  in  motion 
by  water  or  any  other  adequate  power,  bj  wheels  opcratii^ 
upon  the  said  cog-wheel." 

Ou  June  27,  1810,  Mr.  Rentgen  obtained  a  patent  for 
"  rolling  iron  round,  for  ship  bolts  and  other  uses,"  by  the 
following  method:  "This  machine  consists  of  two  large  iron 
T'lUera,  fixed  in  a  strong  frama  Each  roller  has  concavities - 
:urne<l  in  them,  meeting  each  other  to  form  perfect  round 
holes,  of  from  half  inch  to  one  and  three-quarter  inches  or 
any  other  size  in  diameter,  through  which  rollers  the  iron  is 
drawn  from  the  mouth  of  the  furnace  with  great  dispatch, 
and  the  iron  is  then  manufactured  better  and  more  even  than 
it  is  possible  to  foi^e  it  out.  The  force  apphed  to  the  end 
of  these  rollers  is  like  that  applied  to  mills." 

The  original  patents  granted  to  Mr.  Rentgen  have  been 
shown  to  us  by  his  descendant,  Mr.  William  H.  Wabl,  of 
Philadelphia.  We  learn  from  this  gentleman  that  Mr.  Rent- 
gen made  some  use  of  his  patent  anvil  and  hanmier,  and 
tliat,  before  obtaining  the  patent  in  1810  for  his  method 
of  rolling  round  iron,  he  built  an  experimental  set  of  rolls, 
which  were  replaced  after  the  patent  was  granted  by  a  per- 
manent set,  with  which  he  rolled  round  iron  as  early  as  1812 
or  1813,  some  of  which  was  for  the  Na^-y-  DejMirtment  of  the 
United  States  Government.  We  do  not  learn  that  he  ever 
rolled  bar  iron,  and  it  is  not  claimed  that  lie. used  puddling 
furnaces.  The  fact  that  a  patent  was  granted  to  him  as  late 
as  June  27,  1810,  for  a  machine  to  roll  iron  in  round  shapes 
would  seem  to  furnish  conclusive  proof  that  Cort's  rolls  had 
not  tlien  been  introduced  into  the  United  States. 

In  1798  tliere  were  six  furnaces  and  six  foi^es  in  Berks 
county  ;  in  1806  there  were  eight  furnaces,  twenty  foi^es,  and 
one  slitting  mill:  and  in  1830  there  were  eleven  furnaces  and 
twenty-four  forges. 

Schuylkill  county  has  bad  many  forges,  the  earliest  of 
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which,  near  Port  Clinton,  appears  to  have  been  built  in  1801. 
Before  1806  a  small  charcoal  furnace  was  built  by  Reese  & 
Tliomas  at  Scliuylkill  Gap,  near  Pottaville.  About  that  year 
it  was  purchased  by  John  Pott,  the  founder  of  Pottaville,  who 
tore  it  do«-n  and  in  1807  erix:t«d  Greenwood  furnace  and 
foi^e.  In  1832  there  were  in  operation  in  Schuylkill  county 
Greenwood  furnace  and  forge  and  Schuylkill,  Brunswick,  Pine 
Grove,  Mahanoy,  and  Swatara  forges.  Swatara  furnace,  six 
miles  from'  Pine  Grove,  and  Stanliope  furnace,  still  nearer  to 
Pine  Grove,  were  built  between  1S30  and  1840.  About  1840 
Jefferson  furnace,  at  Schuylkill  Haven,  was  built.  Al!  these 
early  enterprises  in  Schuylkill  county  have  been  abandoned. 

In  1805  there  were  seven  forges  and  one  slitting  mill  in 
Delaware  county.  Franklin  rolling  mill,  at  Chester,  in  this 
county,  was  built  in  1808.  In  1828  there  were  in  Delaware 
county  five  roUing  and  slitting  mills  and  several  manufacto- 
ries of  finislied  iron  products. 

Federal  shtting  mill,  on  Buck  run,  about  four  miles  south 
of  Coatesville,  in  East  Fallowfield  township,  Chester  county, 
was  built  in  1795  by  Isaac  Pennock.  The  name  of  this  mill 
was  afterwards  changed  to  Rokeby  rolling  mill.  It  was  used 
to  roll  sheet  iron  and  nail  plates  and  to  slit  the  latter  into 
nail  rods.  It  continued  in  operation  until  1864,  when  it  was 
burned  down  and  abandoned.  During  the  latter  part  of  its 
history  it  rolled  boiler  plates.  A  paper  mill  now  occupies 
its  exact  site.  About  1810  Mr.  Pennock  built  Brandywine 
rolling  mill  at  Coatesville,  which  was  purchased  from  him 
about  1816  by  Dr.  Charles  Lukens,  who  had  been  employed 
ftt  the  Federal  slitting  mill.  It  is  claimed  that  the  first  boiler 
plates  made  in  the  United  States  were  rolled  at  this  mill  by 
Dr.  Lukens.  The  puddling  mill  of  the  Lukens  rolUng  mill 
at  Coatesville  now  occupies  the  site  of  the  Brandywine  mill. 
In  1825,  upon  the  death  of  Dr.  Lukens,  who  had  become  the 
owner  of  the  Brandywine  mill,  the  management  of  the  mill 
devolved  upon  his  wife,  Rebecca  W.  Lukens,  by  whom  the 
business  was  greatly  extended  and  profitably  conducted  for 
twenty  years.  After  her  death  the  name  of  the  works  was 
changed  to  Lukens  rolling  mill  as  a  tribute  to  her  memory. 

Mount  Hope  furnace,  iocatetl  on  Big  Chiquisalunga  creek, 
in  Lancaster  county,  about  ten  miles  south  of  Lebanon,  was 
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built  in  1785  by  Peter  Gnibb,  Jr.,  and  it  ig  still  owned  by 
members  of  the  Grubb  family.  Colebrook  furnace,  on  the 
Conewago,  in  Lebanon  county,  seven  miles  southwest  of 
Cornwall  funiace,  was  built  by  Robert  Coleman  iu  1791  and 
abandoned  about  1860.  Mount  Vernon  furnace,  on  tbe  same 
stream,  about  twenty-three  miles  west  of  Lancaster,  and  in 
Lancaster  county,  was  built  in  1808  by  Henry  Bates  Grubb. 
A  second  furnace  of  the  same  name  was  built  near  tbe  first 
in  1831.  Between  the  building  of  the  first  furnace  and  the 
second  a  forge  was  built.  All  have  been  abandoned.  Con- 
owingo  furnace,  on  the  creek  of  the  same  name,  and  about 
sixteen  miles  southeast  of  Lancaster,  was  built  in  1809.  About 
1840  steam-power  for  driving  the  blast  was  successfully  in- 
troduced by  its  owner,  James  M.  Hopkins,  the  boilers  being 
placed  at  the  tunnel-head.  Soon  after  the  introduction  of 
steam  at  Conowingo  furnace  it  was  successfully  applied  to 
Cornwall  furnace  by  the  manager,  Samuel  M,  Reynolds. 

In  1786  there  were  seventeen  furnaces,  forges,  and  slitting 
mills  within  a  radius  of  thirty-nine  miles  of  Lancaster.  In 
1838  there  were  102  furnaces,  forges,  and  rolling  mills  within 
a  radius  of  fifty-two  miles  of  Lancaster.  At  this  time  Lan- 
caster was  the  great  iron  centre  of  Eastern  Peimsylvania. 

In  1805  tliere  were  two  forges  in  York  county,  one  of  whicl\ 
was  Spring  forge  and  the  other  was  Codorus  forge.  Castle 
Fin  forge,  at  first  called  Palmyra  forge,  on  Mudily  creek,  in 
York  county,  was  built  in  1810  by  Joseph  Webb  and  rebuilt 
in  1827  by  Thomas  Burd  Coleman,  who  also  added  a  blister 
steel  furnace  about  1832.  Both  have  been  abandoned.  In  ita 
day  Castle  Fin  forge  was  a  very  prominent  enterprise.  In 
1850  there  were  five  furnaces  and  three  forges  in  this  county. 
Since  then  its  iron  industry  has  sensibly  declined. 

Major  Samuel  M.  Reynolds  died  in  Philadelphia  on  May 
29,  1888.  He  was  born  at  Lancaster  on  April  17,  1814 
His  younger  brothers  were  Admiral  William  Reynolds,  of 
the  United  States  na\'y ;  General  John  F.  Reynolds,  who  fell 
at  Gettysburg  on  July  1,  1863;  and  General  James  L.  Rey- 
nolds, a  lawyer  of  Lancaster.  Samuel  M.  Reynolds  was  for 
many  years  manager  of  Castle  Fin  forge  and  farm,  was  also 
for  several  years  manager  of  Cornwall  furnace,  and  was  at 
one  time  part  owner  of  a  charcoal  furnace  iu  Clarion  county. 
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He  was  a  paymaster  in  the  United  States  army  during  the 
Rebellion,     lie  was  buried  at  Lancaster. 

In  1826  Maria  ■furnace  was  built  in  Hamiltonban  town- 
ship, Adams  county,  by  James  D,  Paxton  &  Co.,  tlie  firm  con- 
sisting of  James  D.  Paxton,  Thaddeus  Stevens,  (the  "  great 
commoner,")  John  B,  McPiierson,  and  Thomas  C.  Miller. 
In  1828  the  last  two  members  of  the  firm  retired.  Hon.  Ed- 
ward Mcpherson,  of  Gettysburg,  wTites  us  as  follows  concern- 
ing this  furnace,  which  continued  to  be  operated  by  the  re- 
maining members  of  the  original  firm:  "The  Maria  furnace 
was  worked,  in  all,  about  twelve  years — from  1826  to  1838, 
The  first  effort  was  to  make  stoves  ;  but  the  ores  produced 
plates  which  were  so  often  brittle  that  tlie  business  proved 
precarious  and  unremunerative.  The  new  owners,  in  an  ef- 
fort to  make  other  use  of  the  Maria  furnace  iron,  bought  in 
1830  the  Caledonia  property  near  Fayetteville,  and  built  a 
foi^e.  They  ran  this  till  1833,  when  it  was  burned  on  the 
night  of  the  'falling  stars.'  They  promptly  rebuilt  tlie  forge, 
and  in  1837  built  the  furnace  at  Caledonia,  in  evident  prep- 
aration for  the  abandonment  of  the  original  works  in  Adams 
county,  which  took  place  in  1838.  This  transfer  was  from 
an  inferior  ore  bank  to  a  very  superior  ore  bank,  but  in  nei- 
ther place  was  money  made  in  amounts  worth  considering." 
Chestnut  Grove  furnace,  at  Idaville,  in  Adams  county,  was 
built  in  1830  and  is  still  active. 

The  first  furnace  in  Franklin  county  was  Mount  Pleasant, 
in  Path  valley,  about  three  miles  north  of  Ivoudon,  which 
was  built  in  1783  by  throe  brothers,  William,  Benjamin,  and 
George  Chambers.  A  forge  was  also  erected  by  them  about 
the  same  time.  The  furnace  was  abandoned  in  1834  and  the 
forge  in  1843.  A  furnace  called  Richmond,  built  in  1865, 
now  occupies  the  site  of  Mount  Pleasant  furnace.  Sound- 
well  forge,  on  Conodoguinet  creek,  at  Roxbury,  sixteen  miles 
north  of  Chambersburg,  was  built  in  1798  by  Leephar,  Crot- 
zer  &  Co.,  and  was  active  as  liite  as  1857.  Roxbury  furnace, 
at  or  near  the  same  place,  was  bnilt  in  1815  by  Samuel  Cole, 
and  is  now  abandoned.  Carrick  forge,  four  miles  from  Fan- 
nettsburg,  was  built  in  1800,  and  was  in  operation  as  late 
as  1856.  Carrick  furnace,  which  has  been  idle  since  1884, 
was  built  in  1828  by  General  Samuel  Dunn  and  Thomas  G. 
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McCalloh.  London  fnmace  mod  forge  were  built  aboat  1790 
by  Cokmel  James  Chambers  and  abandoned  about  1840. 
Valley-  foT^e,  near  London,  in  this  ooontj;  was  bnilt  in  1804 
A  furnace  of  the  same  name  was  boih  near  the  forge  at  a 
later  day.  Both  have  been  abandoned.  Moat  Alto  fomace, 
in  the  same  county,  was  built  in  1807  by  Daniel  and  Samuel 
Hughes  and  ia  still  active.  Two  forges  of  the  same  name, 
about  four  miles  from  the  furnace,  were  built  in  1809  and 
1810,  and  were  abandoned  in  1866.  A  foundry  was  built  in 
1815,  a  rolling  mill  in  1832,  and  a  nail  factory  in  1835.  In 
1850  the  nail  factorj-  was  burned  doR-n,  and  in  1867  the 
rolling  mill  was  abandoned.  The  foundry  and  a  new  steam 
forge  close  to  the  furnace  are  still  active. 

Caledonia  forge,  in  Franklin  county,  on  Conococheague 
creek,  ten  miles  southeast  of  Chambersburg,  built  in  1830  by 
Stevens  &  Paxton,  and  Caledonia  furnace,  at  the  same  place, 
built  in  1837  by  the  same  firm,  have  already  been  noticed 
iu  connection  with  Adams  county.  For  many  years  before 
1863  this  furnace  and  forge  were  owned  by  Thaddeus  Ste- 
vens, in  which  year  they  were  burned  by  the  Confederates  un- 
der General  Lee  when  on  their  march  to  Gettysburg.  Frank- 
lin furnace,  in  St.  Thomas  township,  was  built  by  Peter  and 
George  Housum  in  1828,  was  still  running  with  charcoal  in 
1882,  and  has  since  been  idle.  There  were  a  few  other  pio- 
neer charcoal  furnaces  and  forges  in  this  county.  Early  in 
the  present  century  nails  and  edge  tools  were  made  in  large 
quantities  at  several  establishments  at  Chambersburg  and  in 
its  vicinity.  One  of  these,  the  Conococheague  rolling  mill 
and  nail  factory,  was  built  by  Broivn  &  Watson  in  1814. 
Two  furnaces  called  Southampton,  not  far  from  Shippeus- 
burg,  but  in  Franklin  county,  were  built  about  1830  and  toni 
down  in  1854,    A  forge  near  them  was  torn  down  in  1849, 

Liberty  forge,  at  Lisbum,  on  Yellow  Breeches  creek,  in 
Cumberland  county,  was  built  in  1790  and  abandoned  in 
1888.  An  older  forge,  long  abandoned,  is  said  to  have  been 
built  at  Lisbum  in  1783.  A  few  other  forges  in  this  county 
were  built  prior  to  1800.  Cumberland  furnace,  ten  miles 
southwest  of  Carlisle,  on  Yellow  Breeches  creek,  ia  said  to 
have  been  built  in  1794  by  Michael  Ege.  It  blew  out  per- 
manently iu  1854.    Two  furnaces,  now  abandoned,  once  stood 
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near  Shippensburg — Augusta,  built  in  1824,  and  Mary  Ann, 
built  in  1826.  Big  Pond  furnace,  built  in  1836,  between  Au- 
gusta and  Mary  Ann  furnaces,  was  burned  down  in  1880. 

About  1806  Jacob  M.  Haldenian  remove*!  from  Lancaster 
county  to  New  Cumberland,  at  the  mouth  of  Yellow  Breeches 
creek,  on  the  Susquehanna.  He  purchased  a  forge  at  this 
place  and  added  a  roUing  and  slitting  mill,  which  were  op- 
erated until  about  1826,  when  they  were  abandoned.  Fair- 
view  rolling  mill,  about  a  mile  from  the  mouth  of  Conodo- 
guinet  creek,  in  Cumberland  county,  and  two  miles  above 
Harrisburg,  was  built  in  1833  by  Gabriel  Heist^r  and  Nor- 
man Callender,  of  Harrisburg,  to  roll  bar  irou.  Jared  Pratt, 
of  Massachusetts,  leased  it  in  1836  and  added  a  uail  factory. 

The  Haldeman  fiiraily  has  been  prominent  ia  the  manu- 
facture of  iron  in  Pennsylvania  during  tlie  whole  of  the 
present  century.     A  sketch  of  the  family  is  herewith  given. 

Jacob  Huldeman,  the  jirandfatlier  of  Jncob  M.  HalUemaii,  was  born  Ot- 
lober  7, 1722,  in  the  canton  of  Neufdiatt?!,  Switzerland,  and  died  December 
31.  178?  in  Rapho  township,  Ijini'SPter  c."ouiity,  Pennsylvania.  He  was  a 
member  of  the  Committee  ol  Publii-  Safety  at  the  breaking  out  of  the  Rev- 
olution. John  Haldeman,  eon  of  Jacob,  was  bom  in  17.73,  and  nuuried 
Maria  Breneman,  and  they  became  tlie  parcnte  of  .bicob  M.  Haldcuian,  who 
was  liorn  in  Manheira  township,  I^ncaater  county,  on  March  4, 1 781.  John 
Haldeman  waa  one  of  the  boldest  and  moat  BUci'esHfiil  businepe  men  in  tlie 
State.  Atx»ut  ISOfi,  aflfiiHted  by  hiH  father  to  the  extent  of  iioiue  fSO.OOO, 
Jacob  M.  purchased  the  water  power  and  fortre  at  the  mouth  of  Yellow 
Breeches  (^reek,  Qimheriand  county,  and  established  himself  in  the  iron 
boeineee.  In  six  yeara  he  had  paid  back  the  $30,000  borrowed  from  his 
father.  In  ISIO  he  married  Eliuibeth  E.  Jacobs,  who  wn«  bom  at  Mount 
Hope  fhrnace,  I^ancaster  county,  on  June  IS,  178fl.  In  IftSO  he  removed  to 
HarriBbur^,  where  be  died  on  December  15, 1857,  aged  78  years,  9  nionthe, 
and  U  da.^'s.  His  wife  died  at  the  same  place  on  March  18, 1S&4,  aged  9i 
ypars,  H  montha,  and  5  days. 

In  1836  Mr.  Haldeman  owned  one-thinl  of  the  Mary  .Ann  and  Augusta 
Funuicee.  near  Carlisle,  the  Carlisle  bank  owning  the  other  two-tbirds.  He 
was  one  of  ttie  incorporators  of  the  Chestnut  Hill  Iron  Ore  Company,  of 
Columbia,  in  1851.  Mr.  Haldeman's  eon,  Jacob  H.,  was  United  States  Mtn- 
iater  to  Sweden  in  1862,  and  another  son,  Richard,  who  married  a  daughter 
of  General  Simon  Cameron,  was  for  several  yeam  a  member  of  (.'ongress. 

Jacob  M.  Haldeman's  younger  brother,  Henry,  built  in  184fl,  for  Ills 
sons,  the  late  Dr.  E.  Haldeman  and  ProfeBsor  S.  S.  Haldeman,  a  blast  tir- 
nace  at  Chickies,  to  use  anthracite  coal,  now  known  as  "  Chickies  No.  1," 
and  operated  by  the  Chickies  Iron  Company.  But  little  of  the  original 
ntructiire  now  remains.  Taris  Haldeman,  jiresident  of  the  Chickies  Iron 
Company,  is  the  youngcat  son  of  Henry  Haldeman. 
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Michael  Ege,  a  brother  of  George  Ege,  already  mention- 
ed, was  for  many  years  the  most  prominent  ironmaster  in  the 
Cnmberland  valley,  owning,  a  short  time  before  his  deathj 
Pine  Grove  furnace,  the  Carlisle  iron  works,  Holly  furnace, 
and  Cumberland  furnace.    He  died  on  August  31,  1815. 

In  1840  tliere  were  eight  furnaces  and  eleven  forges 
and  rolling  mills  in  Franklin  county,  and  six  furnaces  and 
five  forges  and  rolling  mills  in  Cumberland  county. 

In  1786  Henry  Fulton  established  a  "  nailery  "  in  Dau- 
phin county,  probably  at  Harrisburg.  It  is  said  to  have  been 
"  only  a  little  remote  from  a  smithy."  In  1805  there  were  two 
furnaces  and  two  forces  ni  this  county.  Oakdale  forge,  at 
Elizabethville,  appears  to  have  been  built  in  1830.  Victoria 
furnace,  on  Clark's  creek,  was  probably  built  in  that  year.  In 
1832  there  were  three  forges  and  two  furnaces  in  the  county. 
Emeline  furnace,  at  Dauphin,  was  built  about  1835.  The 
first  furnace  at  Middletown  in  this  county  was  built  in  1833, 
and  the  second  furnace  was  built  in  1849 — both  charcoal  fur- 
naces. Manada  furnace,  at  West  Hanover,  was  built  ifi  1837 
by  E.  B.  &  C.  B.  Grubb.  The  firat  rolling  mill  in  Uie  county 
was  the  Harrisburg  rolling  mill,  at  Harrisburg,  built  in  1836. 
The  Pennsylvania  steel  works  were  commenced  in  1865. 

The  manufacture  of  iron  had  a  very  early  beginning  in 
the  Susquehanna  valley  north  of  Harrisburg.  About  1778  a 
bloomary  forge  was  built  on  Nanticoke  creek,  near  the  low- 
er end  of  Wyoming  valley,  in  Luzerne  county,  by  John  and 
Mason  F,  Alden.  Another  bloomary  forge  was  built  in  1789 
on  the  Lackawanna  river,  about  two  miles  above  its  mouth, 
by  Dr.  William  Hooker  Smith  and  James  Sutton,  Still  an- 
other bloomary  forge  was  built  in  1799  or  1800,  on  Roaring 
brook,  at  Scranton,  then  known  as  Slocura's  Hollow,  By  two 
brothers,  Ebenezer  and  Benjamin  Slocum,  All  these  bloora- 
aries  continued  in  operation  until  about  1828.  Their  prod- 
ucts were  taken  down  the  Susquehanna  in  Durham  boats. 

Lackawanna  county  owes  its  present  prominence  in  the 
iron  industry  mainly  to  the  courage,  energy,  and  business 
sagacity  of  two  brothers,  George  W.  and  Selden  T,  Scranton, 
and  tlieir  cousin,  Joseph  H.  Scranton,  the  two  brothers  com-  > 
mencing  operations  in  1840  at  Scranton  and  their  cousin 
joining  them  soon  afterwards,  their  various  enterprises  cul- 
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niiimtmg  in  the  orgauizatioD  of  the  Lackawanna  Iron  and 
Goa!  Company.  The  Lackawanna  steel  works,  at  Scranton, 
were  completed  in  1875,  and  the  Scranton  steel  works  went 
into  operation  in  1883, 

Esther  furnace,  ahout  three  miles  soutli  of  Catawisaa,  on 
East  Roaring  creek,  in  Columbia  county,  was  built  in  1802 
by  Michael  Bitter  &  Son,  who  "  cast  many  stoves."  In  1836 
it  was  rebuilt  by  Trago  &  Thomas.  In  1811  Francis  Mc- 
Shane  established  a  small  cut-nail  factory  at  Wilkesbarre 
"and  used  anthracite  coal  in  smelting  the  iron."  Catawissa 
furnace,  near  Mainville,  in  Columbia  county,  was  built  in 
1815,  and  in  1824  a  forge  was  built  near  the  same  place. 
The  furnace  has  long  been  abandoned,  iind  the  forge,  called 
Mainville  forge,  which  has  in  late  years  been  employed  in 
producing  blooms  for  boiler  plates,  has  also  been  abandoned, 

A  furnace  was  built  in  Lycoming  county  in  1820,  four 
miles  from  Jersey  Shore,  and  nametl  I'ine  Creek  furnace.  In 
1832  it  was  owned  by  Kirk,  Kelton  &  Co.  A  forge  was  added 
to  this  furnace  in  1831.  Heshbon  forge,  on  Lycoming  creek, 
five  miles  above  its  mouth,  was  built  in  1828  and  was  soon 
followed  by  other  iron  enterprises  on  the  same  stream.  Wash- 
ington furnace,  at  Lamar,  on  Fishing  creek,  in  Clinton  coun- 
ty, was  built  in  1810  by  John  Dunlop,  who  added  a  forge  in 
1812.  He  was  killed  in  a  mine  m  1815.  In  1812  Nathan 
Harvey  built  a  forge  at  Mill  Hall,  in  Clinton  county,  to  which 
a  furnace  was  afterwards  added.  A  furnace  at  Farrandsville, 
near  the  mouth  of  Lick  run,  in  this  county,  which  was  built 
about  1834  to  use  coke,  is  said  to  have  sunk,  in  connection 
with  a  nail  mill,  foundry,  and  other  enterprises,  over  half  a 
million  dollars  contributed  by  Boston  capitalists.  The  fur- 
nace was  abandoned  a  few  years  after  its  erection. 

In  1814  Peter  Rarthaus,  a  native  of  Hamburg,  in  Grer- 
many,  but  afterwards  a  merchant  of  Baltimore,  and  Rev. 
Frederick  W.  Geissenhainer,  a  native  of  Miihlberg,  in  Sax- 
ony, built  a  blast  furnace  at  the  moutli  of  the  Little  Mo- 
shannon,  or  Mosquito  creek,  in  the  lower  end  of  Clearfield 
county.  The  firm  of  Karthans  &  Geisaenhainer  was  dissolv- 
ed on  December  18,  1818.  It  had  been  organized  in  1811 
|iartly  to  mine  and  ship  to  eastern  markets  the  bituminous 
coal  of  Clearfield  county.     The  furnace  was  operatetl  with 
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partial  success  with  clmrcoal  for  several  years.    We  shall  re- 
fer to  Dr.  Geissenhainer  in  a  subsequent  chapter. 

The  foregoing  summary  of  early  iron  enterprises  in  the 
Susquehanna  valley  could  be  very  much  extended  by  includ- 
ing other  charcoal  furnaces  and  forges  and  several  rolling 
mills  which  were  erected  about  1820  and  subsetjuently  in  the 
counties  of  Lackawanna,  Luzerne,  Columbia,  Montour,  Nor- 
thumberland, Union,  Snyder,  Lycoming,  and  Clinton,  most 
of  which  have  been  abandoned,  but  tliis  is  not  necessary. 
Our  object  in  this  chapter  has  been  simply  to  preserve  the 
names,  location,  and  date  of  erection  of  the  earliest  charcoal 
iron  enterprises  which  were  established  in  Eastern  and  Cen- 
tral Pennsylvania  outside  of  the  Juniata  valley  after  the 
Revolution.    Juniata  valley  will  occupy  the  next  chapter. 

We  may  properly  close  this  chapter  by  giving  some  in- 
formation concerning  the  primitive  method  of  transporting 
irou  and  other  articles  by  pack-horaes  from  Cumberland  and 
Franklin  counties  to  the  headwaters  of  the  Ohio  river  at  the 
close  of  the  last  century  and  after  the  beginning  of  the  pres- 
ent century,  when  wagon  roads  were  rare  in  Central  and  West- 
ern Pennsylvania.  The  following  account  is  taken  from  I,  D. 
Rupp's  Hiaiory  of  Cumberlavd  Cottnty,  published  in  1848, 

Sixty  or  seventy  years  ago  500  puck-horsee  haA  been  at  one  time  in 
Carlisle,  going  theace  to  Shippensbnrg,  Fort  Loudon,  and  further  west- 
ward, loaded  with  merchandise,  also  salt,  iron,  etc.  The  pack-horses  UMed 
to  carry  bars  of  iron  on  their  backs,  crooked  over  and  around  their  bodies ; 
barrelR  or  kega  were  hung  on  each  aide  of  these.  Colonel  Snyder,  of  Chani- 
berHbuni!,  in  a  conversation  with  the  ^^Titer  in  August,  1345,  said  that  he 
cleared  mitny  a  day  from  $6  to  $8  in  crooking  or  bending  iron  and  shoeing 
horses  for  Western  carriers  at  the  time  he  was  carrying  on  a  blacksmith 
shop  in  the  town  of  Cluunbersburg.  The  pack-horeea  were  generally  led  in 
divisions  of  12  or  15  horses,  carrying  about  two  hundred- weight  each,  all 
going  single  file  and  lieing  managed  by  two  men,  one  going  before  ae  the 
leader  and  the  other  al  the  toil  to  see  after  the  safety  of  the  packs.  Where 
the  bridle  road  paused  along  declivities  or  over  bills  the  path  was  i) 
places  Wiifihed  out  so  deep  tliat  the  packs  or  burdens  came  in  contact  with 
the  jirouiid  or  otiier  Impeding  obstacles,  and  were  frequently  displaced. 
However,  as  the  carriers  usually  traveled  in  companies,  the  packs  were  soon 
adjusted  and  no  great  delay  occasioned.  The  pack-horses  were  generally 
ftirnisbed  with  bells,  which  were  kept  from  ringing  during  the  diky  drive, 
but  were  let  loose  at  night  when  the  horses  were  set  free  and  permitted  tu 
feed  and  browse.  The  bells  were  intended  as  guides  to  direct  their  where- 
abouts in  the  morning.  Wlien  wagons  were  first  introduced  the  eamen 
considered  that  mode  of  trnns]>ortHtion  an  invasinn  of  their  rights. 
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Day,  in  his  Historical  Collections,  says  that  "  Mercersburg, 
in  Franklin  county,  was  in  early  days  an  important  point  for 
trade  with  Indians  and  settlers  on  the  Western  frontier.  It 
was  no  uncommon  event  to  see  there  50  or  100  pack-horses  in 
a  row,  taking  on  their  loads  of  salt,  iron,  and  other  commod- 
ities for  the  Monongahela  country."  In  1789  the  crank  for 
the  first  saw-mill  built  in  Ohio  was  carried  by  pack-horses 
over  the  mountains  to  the  Youghiogheny  river,  and  thence 
sent  by  water  to  its  destination  on  Wolf  creek,  sixteen  miles 
from  Marietta.  It  weighed  180  pounds,  and  was  made  in 
New  Haven,  Connecticut,  for  the  New  England  Ohio  Com- 
pany. 


As  EAKLY  as  1767  a  company  called  The  Juniata  Iron 
Company  wae  organized,  doubtless  by  capitalists  of  Eastern 
Pennsylvania,  to  search  for  iron  ore  in  the  Juniata  valley, 
and  probably  witli  the  ulterior  object  of  manufacturing  iron. 
Joseph  Jacobs  was  tlie  promoter  and  head  of  the  com])any. 
It  was  in  existence  from  1767  to  1771,  during  which  time  its 
agent,  Benjamin  Jacobs,  made  for  it  some  surveys  and  ex- 
plorations and  dug  a  few  tons  of  iron  ore,  but  where  these  oi>- 
erations  were  conducted  and  who  were  the  members  of  this 
pioneer  company  some  future  antiquarian  must  discover. 

The  first  iron  enterprise  in  the  Juniata  valley  was  Bedford 
furnace,  on  Black  Log  creek,  below  its  junction  with  Shade 
creek,  at  Orbisonia,  in  Huntingdon  county,  which  was  soon 
followed  by  Betiford  forge,  on  Little  Aughwick  creek,  four 
miles  southwest  of  the  furnace.  The  furnace  and  forge  de- 
rived their  name  from  Bedford  county,  which  then  embraced 
Huntingdon  county,  the  latter  county  not  having  been  organ- 
ized until  1787,  George  Ashman  was  the  leading  spirit  in 
origuiating  and  promoting  these  enterprises.  He  was  a  large 
ow^ler  of  land  at  Orbisonia  in  1780,  and  at  this  time  or  soon 
afterwards  he  became  interested  in  the  iron-ore  deposits  which 
had  been  discovered  on  his  property,  On  November  8  and  9, 
1786,  he  entered  into  an  agreement  with  Charles  Ridgely, 
Thomas  Cromwell,  and  Tempest  Tucker,  all  apparently  of 
Washington  county,  Maryland,  for  the  sale  to  them  of  "  three- 
fourths  of  two  tracts  of  land,  called  Bedford  and  Black  Log 
tracts,"  upon  which  a  saw  mill  and  grist  mill  had  been  built, 
retaining  the  other  fourth  himself,  upon  which  tracts  it  waa 
agreed  that  "  an  iron  works  "  should  be  built.  The  erection 
of  a  furnace  appears  to  have  been  immediately  undertaken. 
Mr.  Tucker  died  in  1788,  and  was  the  first  man  buried  at  Or- 
bisonia. The  company  thereafter  consisted  of  Edward  Ridge- 
ly, (son  of  Charles  Ridgely,)  Thomas  Cromwell;  and  George 
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Ashman,  The  furnace  was  probably  completed  in  1788.  It 
waa  certainly  in  operation  before  1790,  as  on  the  2d  day  of 
March  of  that  year  Hugh  Needy  entered  into  an  agreement 
with  the  company  to  deliver  twenty-eight  ten-gallon  kettles 
and  seven  Dutch  ovens,  the  whole  weighing  12  cwt.,  3  qrs., 
and  21  lbs.,  to  Daniel  Depue,  "on  or  near  the  Monongahela 
river,  near  Devor'a  Ferry,  in  eight  days  ensuing  the  date 
hereof."  These  articles  were  carried  on  pack-horses.  The 
forge  appears  to  have  been  built  in  1791,  as  is  shown  by  an 
itemized  statement  of  iron  made  by  the  company  from  "the 
time  the  forge  started "  in  that  year  until  October  12,  1796, 
the  product  in  these  six  years  being  497  tons,  8  cwt.,  2  qra., 
and  26  lbs. 

For  the  foregoing  details  we  are  indebted  to  C.  R.  McCar- 
tliy,  Esq.,  of  Saltillo,  Huntingdon  county.  The  following  ad- 
ditional details  are  gathered  from  other  sources.  The  furnace 
was  of  small  capacity  and  constructed  partly  of  wood.  When 
it  was  not  engaged  in  producing  castings  it  made  from  eight 
to  ten  tons  of  pig  iron  weekly.  The  forge  made  horseshoe 
iron,  wagon  tire,  harrow  teeth,  etc.  Stoves  as  well  as  other 
articles  were  cast  at  the  furnace.  At  the  Philadelphia  Ex- 
hibition of  1876  a  stove-plate  cast  at  this  furnace  in  1792 
waa  exhibited.  Bar  iron  made  at  the  forge  was  bent  into  the 
shape  of  the  letter  U,  turned  over  the  backs  of  horses,  and  in 
this  manner  taken  by  bridle-patba  to  Pittsburgh.  Bar  iron 
and  castings  from  Bedford  furnace  and  forge,  and  from  later 
iron  works  in  the  Juniata  valley,  were  also  taken  down  the 
Juniata  river  in  arks,  many  of  which  descended  to  Middle- 
town  on  the  Susquehanna,  whence  the  iron  was  hauled  to 
Philadelphia  or  sent  in  arks  down  the  Susquehanna  to  Bal- 
timore. 

Bedford  furnace  and  forge  were  abandoned  early  in  the 
present  century.  Three  other  charcoal  furnaces,  all  now 
abandoned,  have  since  been  built  on  or  near  its  site.  One  of 
these  waa  Rockhill  furnace,  on  Black  Log  creek,  three-quar- 
ters of  a  mile  southeast  of  Orbisonia,  built  in  1830,  It  was 
in  operation  in  1872,  but  in  the  following  year  it  gave  place 
to  two  coke  furnaces  built  by  the  Rockhill  Iron  and  Coal 
Company. 

Centre  furnace,  on  Spring  creek,  in  Centre  county,  was  the 
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tmomA  fiuxMoe  in  the  Juniata  valley.  It  was  built  in  the 
■■Mwr  of  1T91  by  Colonel  John  Patton  and  Colonel  Samuel 
lEfai^  both  Revolutionary  officers.  The  first  forge  in  Centre 
cgHMT*  vas  Rook  forge,  on  Spring  creek,  built  in  1793  by 
OMpr>l  Philip  Benner.  A  rolling  and  slitting  mill,  nail  fac- 
MfT.  another  foi^e,  etc.,  were  soon  added.  General  Benner 
h«i  iii*d«'  iron  at  old  Coventry  forge  after  the  Revolution. 
H*  died  at  Rock  on  July  27,  1832,  aged  70  years.  In  1852 
dtt  exteu^ve  works  which  he  had  established  were  ahan- 
4eaed.  In  1796  Daniel  Turner  built  Spring  Creek  forge,  and 
Mik^  Harris  &  Miles  built  Harmony  forge,  also  on  Spring 
vtwfc.  In  1798  John  Dunlop  built  Bellefonte  forge,  which 
i»T»i!  rvoently  operated  by  Valentines  &  Co.,  and  in  1802  he 
built  Logan  furnace,  three  miles  south  of  Bellefonte.  In  1824 
Valentines  &  Thomas  added  a  rolling  mill  to  the  Bellefonte 
(orgc,  Tussey  furnace,  in  FergusoiT  township,  was  built  in 
ISIO  by  General  William  Patton,  son  of  Colonel  Patton.  In 
1810  Roland  Curtin,  a  native  of  Ireland,  and  father  of  Gover- 
iwr  Andrew  G.  Curtin,  in  company  with  Moses  Boggs  erected 
t^gle  forge,  on  Bald  Eagle  creek,  about  five  miles  from  Belle- 
fonte. Boggs  remaining  a  partner  only  a  short  time.  In  1818 
he  built  Eagle  furnace  near  Eagle  forge.  In  1830  a  small 
rolling  mill  was  added,  for  the  manufacture  of  bar  iron  and 
nails,  and  about  the  same  year  he  built  Martha  furnace,  on 
Bald  Eagle  creek,  which  has  long  been  abandoned.  His  other 
works  are  still  in  operation  and  are  owned  by  his  children 
anil  grandchildren.  He  died  in  1850,  aged  86  years.  In 
1817  Hardman  Philips,  an  enterprising  Englishman,  erected 
tt  forge  and  screw  factory  at  Philipsburg,  the  latter  being  one 
of  the  first  of  its  kind  in  this  country.  Cold  Stream  forge,  in 
Rush  township ;  Hecla  furnace,  near  Hublorsburg ;  Hannah 
furnace,  about  ten  miles  northeast  of  Tyrone ;  and  Julian 
furnace,  on  Bald  Eagle  creek,  all  in  Centre  county,  were  built 
between  1825  and  1840.  In  1829  and  1833  two  furnaces  were 
built  at  Howard  by  Harris,  Thomas  &  Co.,  to  which  a  roll- 
ing mill  was  added  in  1840.  These  works  have  been  owned 
and  operated  by  Bernard  Lauth,  together  with  a  forge  which 
was  built  in  1879,  but  they  are  now  operated  by  a  new  com- 
pany.    Both  furnaces  have  been  abandoned. 

Barree  forge,  on  the  Juniata,  in  Huntingdon  county,  was 
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built  about  1794  by  Bartholomew  &  Doreey,  to  convert  the 
pig  iron  of  Centre  furnace  into  bar  iron.  Huntingdon  fur- 
nace, on  Warrior's  Mark  run,  in  Franklin  township,  was 
built  in  1796,  but  after  one  or  two  blasts  it  was  removed 
a  mile  lower  down  the  stream.  The  furnace  was  built  for 
Mordecai  Massey  and  Judge  John  Gloninger  by  George  An- 
shutz,  who  in  1808  became  the  owner  of  one-fourth  of  the 
property.  At  the  same  time  George  Shoenberger  bought  a 
one-fourth  interest.  Before  1808  Martin  Dubbs  had  become 
a  part  owner.  A  forge  called  Massey,  on  Spruce  creek, 
connected  with  Huntingdon  furnace,  was  built  about  1800. 
The  furnac-e  has  been  silent  since  1870.  Tyrone  forges,  on 
the  Juniata,  were  built  by  the  owners  of  Huntingdon  furnace, 
the  first  of  the  forges  in  1804.  Gordon,  in  1832,  in  his  Gazet- 
teer of  tiie  iS/fl/e  of  Pennsylvania,  stated  that  these  forges,  with 
B  rolling  and  slitting  mill  and  nail  factory  attached,  foniied 
"a  very  extensive  establishment,"  owned  by  Messrs.  Glonin- 
ger, Anshutz  &  Co.  "  The  mill  rolls  about  150  tons,  75  of 
which  are  cut  into  nails  at  the  works,  50  tons  are  slit  into 
rods  and  sent  to  the  West,  and  about  25  tons  are  sold  in 
the  adjoining  counties." 

Juniata  forge,  at  Petersburg,  was  built  about  1804  by 
Samuel  Fahneatock  and  George  Shoenberger,  the  latter  be- 
coming sole  owner  in  1805.  George  Shoenberger  was  bom  in 
Lancaster  county,  and  during  the  closing  years  of  the  last 
century  settled  on  Shaver's  creek,  in  Huntingdon  county,  aa 
did  also  his  brother  Peter.  The  town  of  Petersburg  was  laid 
out  in  1795  by  Peter  Shoenberger.  In  1800  Peter  sold  to  his 
brother  George  the  Petersburg  tract  of  land.  George  Shoen- 
berger died  in  1814  or  1815.  His  only  son.  Dr.  Peter  Shoen- 
beiger,  succeeded  to  the  ownership  of  his  iron  enterprises. 

Coleraine  forges,  on  Spruce  creek,  were  built  in  1805  and 
1809  by  Samuel  Marshall.  There  have  been  many  forges  " 
on  this  creek,  none  of  which  are  now  in  operation.  Union 
furnace,  in  Morris  township,  and  Pennsylvania  furnace,  on 
the  line  dividing  Huntingdon  from  Centre  county,  were  built 
soon  after  1810 ;  the  latter  was  in  operation  as  late  as  1888, 
using  coke.  About  1818  Reuben  Trexler,  of  Berks  county, 
built  a  bloomary  called  Mary  Ann,  in  Trough  Creek  valley, 
and  about  1821  he  added  Paradise  furnace.     In  1832  John 
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Savage,  of  Philadelphia,  built  a  forge  near  Paradise  furnace, 
which  is  said  to  have  been  the  first  forge  in  this  country 
"  that  used  the  big  hammer  and  iron  helve  on  the  English 
plan."  There  were  many  other  early  furnaces  and  forgea  in 
Huntingdon  county,  but  the  earliest  have  been  mentioned, 

Etna  furnace  and  forge,  on  the  Juniata,  in  Catharine 
township,  Blair  county,  were  built  in  1805  by  Canan,  Stewart 
<fe  Moore.  The  furnace  was  the  first  in  Blair  county.  Cove 
forge,  on  the  Frankstown  branch  of  tlio  Juniata,  was  built 
between  1808  and  1810  by  John  Royor,  who  died  at  Johns- 
town in  1850,  aged  about  71  years.  Allegheny  furnace  was 
built  in  1811  by  Allison  &  Henderson,  and  was  the  second 
furnace  in  Blair  county.  In  1835  it  was  purchased  by  Elias 
Baker  and  Roland  Diller,  both  of  Lancaster  county.  The 
next  furnace  in  Blair  county  was  Springfield,  built  in  1815 
by  John  Royer  and  his  brother  Daniel.  Springfield  furnace 
and  Cove  forge  were  for  many  years  owned  and  operated  by 
John  Royer,  son  of  Daniel,  but  are  now  idle,  the  furnace 
having  been  last  in  blast  in  1885.  John  Royer  was  bom  in 
Franklin  county,  Pennsylvania,  and  died  at  Cove  forge  on 
November  21, 1885,  aged  88  years.  The  next  furnace  in  this 
county  was  Rebecca,  built  in  1817,  It  was  the  first  furnace 
erected  by  Dr.  Peter  Shoenberger,  who  afterwards  became 
the  most  prominent  ironmaster  in  Pennsylvania,  The  doctor 
was  bom  at  Manheim,  Lancaster  county,  in  1781 :  died  at 
Marietta,  Lancaster  county,  on  June  18,  1854,  aged  73  years ; 
and  was  buried  in  Laurel  Hill  cemetery,  Philadelphia, 

Elizabeth  furnace,  near  Antestown,  in  Blair  county,  is 
said  to  have  been  the  first  furnace  in  the  country  to  use  gas 
from  the  tunnel-head  for  the  production  of  steam.  The  fur- 
nace was  built  in  1832,  and  the  improvement  was  patented 
about  1840  by  Martin  Bell,  the  owner  of  the  furnace. 

A  furnace  and  forge  were  built  at  Hopewell,  in  Bedford 
county,  about  the  year  1800,  by  William  Lane,  of  Lancaster 
county.  On  Yellow  creek,  two  miles  from  Hopewell,  he 
built  Lemnos  forge  and  slitting  mill  in  1806,  which  were  in 
operation  as  late  as  1833,  In  1841  Loy  &  Patterson  built 
Lemnos  furnace,  on  the  same  creek,  two  miles  west  of  Hope- 
well, Bedford  forge,  on  Yellow  creek,  was  built  by  Swope 
&  King  in  1812.     Elizabeth  furnace  was  built  at  Woodbury, 
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in  Bedford  county^  in  1827,  by  King,  Swope  &  Co.  In  1845 
it  was  removed  to  Bloomfield,  Blair  county,  but  it  is  now 
abandoned.  In  1840  Bedford  county,  which  then  embraced 
Fulton  county  and  a  part  of  Blair  county,  contained  nine 
furnaces  and  two  forges.  Hanover  furnace  and  forge,  nine 
miles  below  McConnellsburg,  in  Fulton  county,  were  known 
as  the  Hanover  iron  works.  The  forge  was  built  in  1822  by 
John  Doyle  and  the  furnace  in  1827  by  John  Irvine.  Both 
were  abandoned  about  1850.  There  are  now  no  iron  enter- 
prises in  Fulton  county. 

The  account  books  of  the  Hanover  iron  works  from  1831 
to  1833  have  recently  been  discovered.  Among  the  frequent 
charges  in  them  against  the  workmen  is  whisky,  in  quan- 
tities of  from  one  to  five  gallons,  at  33^  cents  per  gallon. 
Flour  is  charged  at  $3.50  per  barrel,  and  boarding  at  $1.40 
per  week  ;  James  Downs  is  charged  with  $6,  "  paid  him  to  git 
married." 

Many  other  charcoal  furnaces  and  forges  and  a  few  roll- 
ing mills  were  built  in  the  upper  part  of  the  Juniata  valley 
before  1850.  In  1832  there  were  in  operation  in  Hunting- 
don county,  which  then  embraced  a  part  of  Blair  county, 
eight  furnaces,  ten  forges,  and  one  rolling  and  slitting  mill. 
Each  of  the  furnaces  yielded  from  1,200  to  1,600  tons  of  pig 
iron  annually.  In  the  same  year  an  imperfect  list  enumer- 
ated eight  furnaces  and  as  many  forges  in  Centre  county. 
In  1850  there  were  in  Huntingdon,  Centre,  Mifflin,  and  Blair 
counties  (the  last  formed  out  of  Huntingdon  and  Bedford  in 
1846)  forty-eight  furnaces,  forty-two  forges,  and  eight  rolling 
mills,  nearly  all  of  which  were  in  Huntingdon  and  Centre 
counties.     Most  of  these  enterprises  have  been  abandoned. 

Mr.  Hungerford  advises  us  that  the  earliest  information 
obtainable  of  the  erection  of  any  iron  works  in  Mifflin  coun- 
'  ty  is  found  in  the  court  records  of  that  county  for  August, 
1795.  At  a  court  held  in  that  month  a  petition  was  present- 
ed asking  for  a  road  "  from  Freedom  forge,  thence  the  near- 
est and  best  way  to  the  river  Juniata  near  to,  or  at,  McClel- 
land's  landing."  The  forge  stood  on  the  present  site  of 
the  Logan  iron  and  steel  works,  at  Logan,  on  Kishacoquillas 
creek.  The  landing  mentioned  was  at  the  mouth  of  the 
creek,  now  within  the  limits  of  the  borough  of  Lewistown. 


The  foi^e  was  erected  by  William  Brown  and  William 
clay.  It  was  sold  in  1812  to  Miller,  Martin  &  Co.,  who  be- 
gan the  erection  of  a  furnace  in  that  year.  On  November 
12,  1812,  they  advertised  in  the  Juniata  Omellc  for  workmen, 
"  as  they  are  engaged  in  building  a  furnace  at  Freedom 
forge."  This  furnace  stood  where  the  present  Emma  furnace 
was  built  at  Logan  in  1867,  and  the  power  was  obtained  from 
Hungry  run,  which  enters  Kishacoquillaa  creek  at  that  place. 
Miller,  Martin  &  Co.  had  many  successors.  The  forge  built 
in  1795  was  continued  until  1878,  when  it  was  torn  down  by 
the  Logan  Iron  and  Steel  Company,  The  first  furnace  was 
torn  down  about  1820,  and  upon  its  site  was  erected  a  new 
furnace,  which  was  abandoned  about  1830.  In  1847  the  forge 
property,  consisting  of  40,000  acres  of  land,  was  sold  to  the 
Freedom  Iron  Company.  It  is  now  owned  by  the  Logan  Iron 
and  Steel  Company.  The  Standard  steel  works  are  also  lo- 
cated at  this  place.  In  1832  there  were  three  furnaces  and_ 
one  forge  in  MifBin  coimty,  and  in  1850  there  were  five 
naces  and  two  forges. 

In  June,  1797,  General  William  Lewis,  of  Berks  county, 
began  the  purchase  of  lands  on  Brightsfield  rmi  and  the  Ju- 
niata river,  in  Mifflin  county,  intending  to  build  a  furnace. 
In  a  mortgage  dated  June  2,  1798,  the  furnace  tract  and  ore- 
bank  lot  are  mentioned.  In  the  assessment  of  1798  William 
Lewis  is  assessed  on  430  acres  of  land  and  a  furnace  and  as 
an  ironmaster.  The  furnace  was  operated  by  James  Blaine, 
of  Cumberland  county,  a  son-in-law,  and  was  known  as  Hope 
furnace.  In  1804  General  Lewis  built  Mount  Vernon  forge 
on  Cocalamus  creek,  below  Millerstown,  in  Perry  county, 
which  was  operated  with  the  furnace.  The  forge  appears  to 
have  been  abandoned  in  1817.  In  that  year  the  furnace  was 
operated  by  Blaiue,  Walker  &.  Co.,  who  continued  in  busi- 
ness for  several  years.  It  was  subsequently  operated  by  vari- 
ous owners  until  1860,  when  it  was  abandoned. 

There  was  a  very  early  forge  in  Juniata  county.  It  was 
built  in  1791  on  Licking  creek,  two  miles  west  of  Mifflin- 
town,  by  Thomas  Beale  and  William  Sterrett.  It  had  two 
hammers  and  was  in  operation  about  four  years.  The  pig 
iron  for  this  forge  was  obtained  mainly  from  Centre  furnace, 
but  some  was  brought  from  Bedford  furnace. 
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Juniata  furnace,  three  miles  from  Newport,  was  built  in 
1808  by  David  Watta,  of  Carlisle.  In  1832  it  was  owned 
by  Captain  William  Power.  A  forge  culled  Fio  was  built  on 
Shennan's  creek,  about  four  miles  from  Duiicamion,  in  1829, 
by  Lindley  &  Speek,  A  forge  was  also  built  at  Duncannon 
in  the  same  year  by  Stephen  Duncan  and  Jolin  D.  Mahon. 
Duncannon  rolling  mill  was  built  in  1838  by  Fisher,  Morgan 
&  Co.  Montebello  furnace,  at  Duncamiou ;  Oak  Grove,  four 
miles  from  Landisburg ;  Caroline,  at  Baileysburg ;  and  Perry, 
four  miles  from  Bloomfield,  all  in  Perry  county,  were  built 
between  1830  and  1840.  All  of  the  charcoal  iron  enterprises 
in  Perrj-  county  liave  been  abandoned. 

Steel  (doubtless  blister  steel)  was  made  at  Caledonia,  near 
Bedford,  for  several  years  before  the  beginning  of  this  cent- 
ury by  William  McDermett,  who  was  born  near  Glasgow,  in 
Scotland,  and  came  to  this  country  at  the  close  of  the  Rev- 
olutionary war,  Mr,  McDermett's  works  contmued  in  suc- 
cessful operation  for  about  ten  years,  when  iinancial  reverses 
caused  their  abandonment.  A  few  years  later  be  removed 
to  Spruce  creek,  in  Huntingdon  county,  and  there  ended  his 
days  about  1819.  Josephine,  one  of  hia  daughters,  married 
in  1820  David  R.  Porter,  then  a  young  iroimiaster  on  Spruce 
creek  but  afterwards  Governor  of  Pennsylvania.  About  1818 
David  R.  Porter  and  Edward  B.  Patton  built  Sligo  forge, 
on  Spruce  creek.  After  Mr.  McDermett's  removal  to  Spruce 
creek  a  forge  and  steel  works,  called  Claubaugh,  were  built 
on  the  creek  by  his  nephew,  Thomas  McDermett,  at  which 
steel  was  made  by  the  method  that  had  been  in  use  at  Caledo- 
nia, These  works  became  the  property  of  Lloyd,  Steel  &  Co. 
about  1819,  by  whom  they  were  abandoned  in  a  few  years. 

Among  the  i>ersons  who  have  been  prominent  in  the 
manufacture  of  iron  in  the  Juniata  valley  special  reference 
may  be  made,  in  addition  to  those  already  mentioned,  to 
Henry  S.  Spang,  John  Lyon,  Anthony  Shorb,  Andrew  Gregg, 
George  Schmucker,  and  General  Jam§s  Irvin. 

Much  of  the  iron  made  in  the  Juniata  valley  during  the 
palmy  days  of  its  iron  industry  was  sold  at  Pittsburgh,  first 
in  the  form  of  castings,  afterwards  in  both  pigs  and  bars,  and 
finally  ciiiefly  in  the  form  of  blooms.  Before  the  comple- 
tion of  the  Pennsylvania  Canal  and  the  Portage  Railroad  it 
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was  transported  with  great  difficulty.  Bar  iron  from  Centre 
county  was  at  first  carried  on  the  backs  of  horses  to  the  Clar- 
ion river,  and  was  then  floateil  on  boats  and  arks  to  Pitts- 
burgh. Pig  and  bar  iron  from  Huntingdon  county  were 
hauled  over  the  Frankstown  road  to  Johnstown,  and  thence 
floated  to  Pittsburgh  by  way  of  the  Conemaugh  river.  Sub- 
sequently blooms  were  sent  to  Pittsburgh  from  Huntingdon 
county  by  wagon.  "Juniata  iron"  was  also  largely  sold  in 
Eastern  markets,  the  Juniata  and  Susquehanna  rivers  fur- 
nishing an  outlet  before  the  building  of  the  Pennsylvania 
Canal.  It  was  noted  throughout  the  country  for  its  excellence. 
We  are  indebted  to  Isaac  Craig,  Esq.,  of  Allegheny  City, 
for  a  copy  of  the  following  advertisement,  which  appeared  in 
a  Pittsburgh  newspaper  in  1813.  The  advertiser  was  then 
operating  the  first  rolling  mill  built  at  Pittsburgh. 

Waggons  Wasted. — The  snbscriber  wishes  to  employ  from  30  to  50 
waggonP,  for  three  or  four  trips  to  th<j  iroDworka  near  Belfont,  Centre 
connty ;  and  would  be  ansioue  to  engage  20  or  SO  out  of  the  above  number 
to  haul  by  the  year.  A  very  considerable  udvanM  will  be  made  on  the 
former  rate  of  carriage.  This  added  to  the  low  price  of  feed  this  eeastn 
holds  out  greater  inducements  to  embarlc  in  this  business  than  at  any  foi^ 
mer  period.  Applications  to  me  here;  on  whieli  I  will  pve  my  orders,  and 
will  engage  to  pay  for  any  delay  which  may  arise  to  the  waggoners  at  the 
different  forges.  C.  Cowan.    September  9, 1813. 

In  1828,  before  the  Pennsylvania  Canal  was  completed, 
the  hauling  of  blooms  by  wagon  was  still  an  important  busi- 
ness. In  the  Blairsville  Record  for  Januarj'  31,  1828,  Mul- 
hollan  &  McAnulty  advertise  for  teams  to  haul  blooms  from 
Sligo  iron  works,  in  Huntingdon  county,  to  Blairsville,  offer- 
ing $15  per  ton.  After  the  canal  was  finished  the  shipment 
of  Juniata  blooms  to  Pittsburgh  greatly  increased. 

Since  the  preceding  chaptei-s  were  printed  we  have  ob- 
tained additional  information  from  Mr.  George  R.  Prowell 
concerning  William  Bennett's  iron  enterprise  in  Hellam  town- 
ship, York  county,  mentioned  on  page  184.  Mr.  Bennett 
built  a  furnace  as  well  as  a  forge  on  Coflorus  creek  about 
1765,  The  furnace  was  in  operation  during  the  Revolution, 
as  is  proved  by  official  documents  which  are  still  jtreserved 
at  York.  Iron  ore  was  probably  obtained  on  the  opposite 
side  of  the  Susquehanna  river. 


THE    EARLY   MANUFACTURE    OF   IRON   IN   WESTERN 
PENNSYLVANIA. 

The  earliest  meution  we  have  found  of  the  existence  of 
iron  ore  in  Western  Pennsylvania  occurs  in  the  careful  in- 
vestigations of  Mr.  Austin  N.  Hungerford  into  the  eiirly  his- 
tory of  Fayette  county.  We  fjuote  from  him  the  following 
interesting  particulars.  It  will  be  seen  that  the  facta  cited 
antedate  the  final  settlement,  on  September  23,  1780,  of  the 
boundary  dispute  between  Pennsylvania  and  Virginia. 

There  is  u  tradition  that  Ihe  flrst  discovery  of  iron  ore  west  of  the  Al- 
legheny uiountAins  was  made  by  JoIid  Hayden  in  the  winter  of  1789-lK). 
This  Htatement  has  been  so  otlen  insde  in  the  writings  of  .ludge  Veech  and 
others  without  contradiction  that  it  has  come  to  be  almost  imiverHally  re- 
garded as  entirely  authentic.  That  such  ia  not  the  cose,  however,  and  that 
iron  ore  was  known  to  exist  in  the  valley  of  the  Youghiogheny  at  leaet  nine 
years  l>erori*  the  alleged  first  discovery  by  Hayden,  is  prored  by  an  entry 
foimd  in  the  First  Survey  Book  of  Yohogania  county,  Va.,  and  made  a  cenir 
ury  ago  by  Col.  William  Crawford,  then  surveyor  of  the  said  county.  The 
following  is  a  copy  of  the  entry ; 

"Joly  11, 17S0.  Ko.  33.-— State  Warrant — Benjamin  Johnston  produced 
a  State  Warrant  from  the  Land  OlHce  fbr  live  hundred  acres  of  land,  dated 
the  12th  day  of  May,  1760— No.  4029.  Sixty  acres  thereof  he  locates  on  a 
big  epring  in  the  Allegany  and  Laurel  Hills,  on  the  waters  of  the  MonongB- 
lin— and  one  hundred  and  fifty  acres  of  8*  Wamint  he  locates  on  lands  of  s* 
Hills,  where  an  old  deadening  and  Sugar  Camp  was  made  by  Mr.  Chr.  Har- 
rison, situate  on  the  watere  of  Yohogania,  to  include  a  Bank  of  Iron  Ore." 

Yohogania  county,  a^  estublished  by  the  Vii^ginia  Legislature  in  1776, 
ioelnded  xll  the  northern  and  northeastern  part  of  the  present  county  of 
Fayette.  The  Survey  Book  referred  to  is  still  in  eiistente  in  a  good  stale  of 
preservation,  and  in  possession  of  Boyd  Crumrine,  Esfj.,  of  Washington,  Pa. 

The  precise  location  of  the  tract  referred  to  as  including  the  ore  bank 
is  not  known,  nor  is  it  material.  The  quotation  is  given  above  merely  to 
disprove  the  long-accepted  statement  that  the  existence  of  iron  ore  west  of 
the  Allegheniee  was  unknown  prior  to  17S9. 

The  Hon.  James  Veech,  to  whom  reference  ia  above  made, 
published  in  the  Pittsburgh  Comjnercial,  on  March  29,  1871, 
an  account  of  the  discovery  of  "blue  lump"  iron  ore  by 
John  Hayden,  of  Haydentown,  in  Fayette  county,  in  1790, 
from  which  he  made  in  a  smith's  fire  a  piece  of  iron  "about 
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as  big  as  a  harrow-tooth."  Taking  the  sample  on  horseback 
to  Philadelphia  he  enlisted  his  relative,  John  Nicholson,  of 
that  city,  then  State  Comptroller,  in  a  scheme  for  building  a 
furnace  and  forge  at  Haydentown,  on  George's  creek,  about 
seven  miles  south  of  Uniontown.  Mr.  Hungerfonl  says  that 
a  bloomary  was  built  by  this  firm  in  1792  but  tliat  it  nev- 
er built  a  furnace.  Before  the  bloomary  was  built  William 
TurnbuU  and  Peter  Marmie,  with  Colonel  John  Holker  as 
a  silent  partner,  all  of  Philadelphia,  built  a  furnace  and  a 
forge  on  Jacob's  creek,  a  mile  or  two  above  its  entrance  into 
the  Youghiogheny  river.  The  court  records  of  Fayette  coun- 
ty mention  "  the  furnace  on  Jacob's  creek  "  in  June,  1789,  but 
it  had  not  then  been  put  in  blast.  It  was  first  blown  in  on 
November  1, 1790,  and  the  iron  was  tried  the  same  day  in  the 
forge.  The  furnace  and  forge  were  on  the  Fayette  county 
side  of  the  creek,  and  were  called  the  Alliance  iron  worka. 
The  furnace  was  fitfully  operated  until  1802,  when  it  finally 
went  out  of  blast.  The  stack  is  still  standing  but  in  ruina. 
This  was  the  first  furnace  west  of  the  Allegheny  mountains. . 
An  extract  from  a  letter  written  by  Major  Isaac  Crafg,  deputy 
quartermaster-general  and  military  storekeeper  at  Fort  Pitt, 
to  General  Knox,  dated  January  12,  1792,  says :  "As  there  is 
no  aix-pound  shot  here  I  have  taken  the  liberty  to  engage 
four  hundred  at  Turnbnll  &  Marmie's  furnace,  which  is  now 
in  blast."  This  shot  was  required  for  General  Wayne's  e:^ 
pedition  against  the  Indians  in  1792. 

Union  furnace,  on  Dunbar  creek,  four  miles  south  o£ 
Connellsville,  was  built  by  Isaac  Meason  in  1790  and  waa 
put  in  blast  in  March,  1791,  It  was  succeeded  in  1793  by 
a  larger  furnace  of  the  same  name,  built  near  the  same  site 
by  Isaac  Meason,  John  Gibson,  and  Mosea  Dillon.  An  adver- 
tisement in  the  Pittsburgh  Gazelle,  da'ted  April  10,  1794,  men- 
tions that  Meason,  Dillon  &  Co.  have  for  sale  "  a  supply  of 
well-assorted  castings,  which  they  will  sell  for  cash  at  the 
reduced  price  of  £35  per  ton  (?93.33)."  There  was  a  forgo 
connected  with  this  furnace,  called  Union  forge.  Afterwarda 
anotlier  forge  was  built  by  Mr.  Meason  at  the  mouth  of  Dun- 
bar creek.  Another  of  Mr.  Mcason's  enterprises  was  Mount 
Vernon  furnace,  on  Mountz's  creek,  eight  miles  east  of  ite 
mouth,  built  before  July,  1800,  and  possibly  as  early  as  1795. 
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It  was  rebuilt  in  1801.  It  is  still  standing,  but  has  long  been 
abandoned.  Dunbar  furnace  now  stands  near  the  site  of  tlie 
original  Union  furnace. 

Spring  Hill  furnace,  on  Ruble's  run,  in  Fayette  county, 
within  three  miles  of  Cheat  river,  in  West  Virginia,  and 
near  its  junction  with  the  Monongaliela,  was  built  in  1794  by 
two  Welshmen,  Benjamin  and  Robert  Jones.  This  furnace 
was  in  operation  until  1881,  but  in  1883  it  was  dismantled. 
About  1797  Old  Laurel  furnace,  on  Laurel  run,  in  Dunbar 
townsliip,  -was  built  by  Joshua  Gibson  and  Samuel  Paxson. 
This  furnace  passed  into  the  possession  of  Reuben  Mochahee 
and  Samuel  Wurtz  before  1800,  who  added  Hampton  forge, 
located  on  Indian  creek,  half  a  mile  from  the  Youghiogheny 
river.  Both  the  furnace  and  forge  were  kept  in  operation  for 
a  number  of  years.  Pine  Grove  forge,  in  George's  tomiship, 
was  built  a  short  time  prior  to  1798  by  Thomas  Lewis. 

Prior  to  1794  Jeremiah  Pears  built  a  forge  at  Plumsock, 
in  Menallen  township,  which  was  the  forerunner  of  a  rolling 
and  slitting  mill  built  by  Mr.  Pears  at  the  same  place  before 
1804,  In  1805  the  rolling  and  slitting  mill  and  the  remain- 
der of  Mr.  Pears's  property  .were  sold  by  the  sheriff.  This 
was  probably  the  first  rolling  and  slitting  mill  erected  west 
of  the  Alleghenies.  In  1815  the  Plumsock  property  passed 
into  the  hands  of  Isaac  Meason.  In  1797  Mr.  Pears  built  Old 
Redstone  furnace,  in  South  Union  township,  Fayette  county. 
The  dilapidated  stack  of  this  furnace  is  still  standing. 

In  1797  John  Hayden  huilt  Fairfield  furnace,  on  George's 
creek.  John  and  Andrew  Oliphaut  and  Nathaniel  Breading 
bought  an  interest  in  this  furnace  in  1798,  and  in  a  few 
years  the  Oliphauts  became  its  sole  owners.  Fairclianoe  fur- 
nace, on  George's  creek,  six  miles  south  of  Uniontown,  was 
built  in  1804  by  John  Hayden.  J.  &  A.  Oliphant  bought  it 
about  1805.  It  was  rebuilt  two  or  three  times  and  kept  in 
operation  until  1887,  when  it  was  abandoned  and  torn  down. 
A  new  Fairchance  furnace  was  built  near  the  site  of  the  old 
one  in  1887.  The  Oliphants  built  Sylvan  forges,  on  George's 
creek,  below  Fairfield  and  Fairchance  furnaces.  It  is  said 
that  while  the  Oliphants  operated  Fairfield  furnace  they  cast 
a  quantity  of  shot  which  was  used  by  General  Jackson's  ar- 
tillery in  the  battle  of  New  Orleans.     It  was  shipped  down 
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tlie  Monongahela,  the  Ohio,  and  the  Mississippi  rivers.  The 
furnace  was  operated  by  the  Oliphants  and  others  for  many 
years,  but  was  abandoned  before  1850, 

In  1805  there  were  five  furnaces  and  six  forges  in  Fay- 
ette county.  In  1805  a  rolling  and  slitting  mill  was  built 
by  John  Gibson  on  the  right  bank  of  the  Youghiogheny 
river,  below  Connellsville.  In  1811  the  county  had  ten  fur- 
naces, one  air  furnace,  eight  forges,  three  rolling  and  slitting 
mills,  one  steel  furnace,  and  five  trip-hammers.  At  a  later 
date  there  were  twenty  furnaces  in  this  coimty;  Fayette 
countj-  was  a  great  iron  centre  at  the  close  of  the  last  cent- 
ury and  far  into  the  present  century.  For  many  years  Pitts- 
burgh and  the  Ohio  and  Mississippi  valleys  were  almost 
entirely  supplied  by  it  with  all  kinds  of  castings  and  with 
hammered  bar  iron.  In  1804  a  large  order  for  sugar  kettles, 
to  be  usetl  on  the  sugar  plantationa  of  Louisiana,  was  filled  at 
Union  furnace.  Long  before  1850,  however,  the  fires  in  most 
of  the  furnaces  and  forges  of  Fayette  county  were  suffered 
to  die  out.  In  1849  only  four  of  its  furnaces  were  in  blast. 
Other  furnaces,  to  use  coke,  have  since  been  built  within  its 
boundaries,  and  in  late  years  a  large  rolling  mill  and  Besse- 
mer steel  works  have  been  built  at  Uniontown,  but  its  fame 
as  a  centre  of  the  iron  industry  has  departed.  In  its  stead 
it  now  enjoys  tlie  reputation  of  being  the  centre  of  produc- 
tion of  the  famous  Coimellsville  coke.  Connellsville,  on  the 
Youghiogheuy,  was  a  shipping  point  for  Fayette  county  iron. 

The  steel  furnace  above  referred  to  as  existing  in  1811  was 
at  Bridgeport,  adjoining  Brownsville,  was  owned  by  Truman 
&  Co.,  and  made  good  steel.  It  was  known  as  the  Browns- 
ville steel  factory.  In  1811  Truman  &  Co.  advertised  that 
they  had  for  sale  "several  tons  of  steel  of  their  own  convert- 
ing, which  they  will  sell  at  the  factory  for  cash,  at  12  dollars 
per  cwt.,  and  20  dollars  per  faggot  for  Crowley."  The  latter 
was  an  English  brand. 

The  first  nail  factory  west  of  the  Alleghenies  was  built 
at  Brownsville,  about  1795,  by  Jacob  Bowman,  at  which 
wrought  nails  wore  made  by  hand  in  one  shop  and  cut  nails 
were  made  by  machines  in  another.  These  machines  were 
worked  by  the  foot  of  the  workman,  while  his  hands  guided 
the  flat  and  thin  bar  of  iron  from  wliieh  the  nails  were  cut. 


IRON   IN  ALL  AGES. 

The  rolling  and  slitting  mills  which  were  in  existence 
in  Pennsylvania  prior  to  1816  neither  puddled  pig  iron  nor 
rolled  bar  iron,  but,  with  the  exception  of  Mr.  Rcntgen's  en- 
terprise, already  not«d,  rolled  only  sheet  iron  and  nail  platea 
from  blooms  hammered  under  a  tilt-hammer. 

The  first  rolling  mill  erected  in  the  United  States  to  pud- 
dle iron  and  roll  iron  bars  was  built  by  Isaac  Meason  in 
1S16  and  1817  at  Plumsock,  on  Redstone  creek,  about  mid- 
way between  Connellsville  and  Brownsville,  in  Fayette  coun- 
ty, on  the  site  of  the  rolling  and  shtting  mill  built  by  Jere- 
miah Pears  before  1804.  Thomas  C.  Lewis  was  the  chief 
engineer  in  the  erection  of  the  new  mill,  and  George  Lewis, 
his  brother,  weis  the  turner  and  roller.  They  were  Welsh- 
men. F.  H.  Olipbant  told  us  in  his  lifetime  that  the  new 
mill  was  built  "for  making  bars  of  all  sizes  and  hoops  for 
cutting  into  nails."  He  further  said  that  "  the  iron  was  re- 
fined by  blast  and  then  puddled."  Samuel  C.  Lewis,  son  of 
the  above  Thomas  C.  Lewis,  assisted  as  a  boy  in  rolling  the 
first  bar  of  iron.  He  died  at  Pittsburgh  on  Friday,  August 
11,  1882,  in  the  80th  year  of  his  age.  The  mill  contained 
two  puddling  furnaces,  one  refinery,  one  heating  fiirnace,  and 
one  tilt-hammer.  Raw  coal  was  used  in  the  puddling  and 
heating  furnaces  and  coke  in  the  refinery.  The  rolls  were 
cast  at  Dunbar  furnace,  and  the  lathe  for  turning  the  rolls 
was  put  up  at  the  mill.  The  mill  went  into  operation  on 
September  15,  1817,  and  was  kept  in  operation  for  several 
years,  the  latter  part  of  tlie  time  by  Arthur  Palmer.  A  flood 
in  the  Redstone  caused  the  partial  destruction  of  the  mill  in 
1831,  The  machinery  was  subsequently  taken  to  Browns- 
ville. 

Isaac  Meason,  who  did  so  much  to  develop  the  iron  re- 
sources of  Fayette  county,  was  a  native  of  Virginia.  He 
died  in  1819.  Prior  to  his  death  his  son.  Colonel  Isaac  Mea- 
son, was  associated  with  him  in  the  management  of  his  va- 
rious iron  enterprises,  and  after  big  death  he  succeeded  to 
their  entire  management.  Isaac  Meason,  Sr.,  was  a  member 
of  the  supreme  executive  couucil  of  Pennsylvania  in  1783, 
and  for  many  years  prior  to  his  death  he  was  an  associate 
judge  of  Fayette  county. 
^L     A  furnace  named  Mary  Ann  was  erected  at  an  early  day 
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in  Greene  county.    It  was  located  on  Ten-mile  creek,  opposi) 
C'larkaville,  and  about  twenty  miles  from  Uniontown.    It 
abandoned  early  in  the  present  century.    An  advertisemi 
for  ita  sale,  by  "Samuel  Harper,  agent  for  the  proprietors,'! 
dated  July   23,  1810,  stylea   it  "The  Iron  Works,"  late 
property  of  Captain  James  Robinson.    It  was  probably  bui! 
about  1800.    Gordon,  in  his  Gazetteer,  (1832,)  says  that  "  thi 
were  formerly  in  operation  on  Ten-mile  creek  a  forge  ani 
furnace,  but  they  have  been  long  idle  and  are  falling  to  de- 
cay."  This  reference  is  to  Robinson's  works.    Greene  county 
has  probably  never  had  any  other  iron  enterprises. 

Westmoreland  county  sjMiedily  followed  Fayette  couni 
in  the  manufacture  of  iron.  Westmoreland  furnace,  on  Foai 
mile  run,  near  Laughliustown,  in  Ligonier  valley,  was  built 
about  1792  by  John  Probst,  who  also  built  a  small  forge 
about  the  same  time.  Neither  the  furnace  uor  the  forge  was 
long  in  operation,  both  probably  ceasing  to  make  iron  before 
1810.  On  the  Ist  of  August,  1795,  George  Anshutz,  manager 
of  Westmoreland  furnace,  advertised  stoves  and  castings  for 
sale.  General  Arthur  St.  Clair  built  Hermitage  furnace. 
Mill  creek,  two  miles  northeast  of  Ligonier,  about  1802. 
was  managed  for  ita  owner  by  James  Hamilton,  and  mi 
stoves  and  other  castings.  It  was  in  blast  in  180ti.  In  1810 
it  passed  out  of  the  hands  of  General  St.  Clair  and  was  idle 
for  some  time.  In  1816  it  was  started  again  by  O'Hara 
Scully,  under  the  management  of  John  Henry  Hopkins, 
wards  Protestant  Episcopal  bisliop  of  Vermont.  In  Octo! 
1817,  Mr.  Hopkins  left  Uio  funiacc,  himself  a  bankrupt, 
it  has  never  since  been  in  operation.  The  stack  is  yet  stai 
ing.  General  St.  Clair  died  a  very  poor  man  in  1818, 
84  years,  and  was  buried  at  Greensburg, 

Mount  Hope  furnace,  in  Donegal  lomiahip,  was  built 
1810  by  Trevor  &  McClurg.  Mount  Pleasant  funmw, 
Jacob's  creek,  in  Mount  Pleasant  township,  was  built  al 
1810  by  Alexander  McClurg,  and  went  out  of  blajft  iu  11 
while  operat«<l  by  Mr.  Freeman.  Mr.  McClurg  owned  it 
1813.  Wasliington  furnace,  near  Laugbliustowu,  was  bi 
about  1809  by  Johnston,  McClurg  &  Co.  It  was  ahnudoi 
in  1820,  but  rebuilt  in  1848  by  John  Bell  &  Co.  It 
blast  as  late  oa  ISoT),    Jonattian  Maybnry  &  Co.  ownod  Foi 
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toin  furnace,  on  Camp  run,  in  Donegal  township,  at  tlie  base 
of  Laurel  hill,  before  1812.  The  firm  waa  dissolved  on  Au- 
gust 19,  1812,  when  the  furnace  fell  into  the  hands  of  Alex- 
ander McClurg,  who  operated  it  in  1813.  Kingston  foi^e, 
erected  in  1811  on  Loyalhanna  creek,  ten  miles  east  of 
Greensburg,  by  A.  Johnston  &  Co.,  went  into  operation  early 
in  1812.  Ross  furnace,  on  Tub-mill  creek,  in  Fairfield  town- 
ship, was  built  in  1814  by  either  Isaac  Meason  or  his  son,  and 
abandoned  about  1850.  It  made  pig  iron,  stoves,  kettles,  pots, 
ovens,  skillets,  etc.  Hannah  furnace,  on  Tub-mill  creek,  in 
Fairfield  township,  a  short  distance  below  Rosa  furnace,  was 
built  about  1810  by  John  Beninger.  He  also  built  a  small 
forge  on  the  same  stream,  where  the  town  of  Bolivar  now 
stands.  The  furnace  and  forge  both  ceased  to  make  iron 
Boon  after  they  were  built.  Baldwin  furnace,  on  Laurel  run, 
near  Ross  furnace,  is  said  to  have  been  built  by  James  Stew- 
art about  1818.    It  ran  but  a  short  time. 

In  1832  there  were  in  operation  in  Westmoreland  county 
only  one  furnace,  (Ross,)  operated  by  Colonel  Mathiot,  and 
one  forge,  (Kingston,)  operated  by  Alexander  Johnston.  The 
latter  gentleman,  whose  name  appears  above  in  connection 
with  another  iron  enterprise,  was  the  father  of  Governor 
William  F.  Johnston.  He  was  born  in  Ireland  in  July,  1773, 
and  died  in  July,  1872,  aged  99  years. 

Seven  other  charcoal  furnaces  were  built  in  Westmore- 
land county  between  1844  and  1855.  All  the  charcoal  fur- 
naces in  this  county  have  been  abandoned.  The  early  fur- 
naces in  Westmoreland  county,  besides  supplying  local  wants, 
ahipped  castings  by  boats  or  arks  on  the  Yougbiogheny,  the 
Conemaugh,  and  the  Allegheny  rivers  to  Pittsburgh,  some  of 
which  found  their  way  down  the  Ohio  river  to  Cincinnati 
end  Louisville.  Subsequently  they  shipped  pig  iron  by  ca^ 
nal  to  Pittsburgh  rolling  mills. 

Shade  furnace,  on  Shade  creek,  in  Somerset  county,  was 
built  in  1807  or  1808,  and  was  the  first  iron  enterprise  in  the 
county.  It  used  hog  ore,  the  discovery  of  which  led  to  its 
.■section,  although  the  location  was  otherwise  unfavorable.  It 
■was  built  by  Gerehart  &  Reynolds  upon  lands  leased  from 
,Thoma3  Viekroy.  In  November,  1813,  Mr.  Vickroy  advertia- 
■ed  Shade  furnace  for  sale  at  "a  great  bargain."   A  sale  was 
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effected  in  1819  to  Mark  Richards,  Anthony  S.  Earl,  and 
Benjamin  Johns,  of  New  Jersey,  composing  the  firm  of  Rich- 
ards, Earl  &  Co.,  which  operated  the  furnace  domi  to  ahout 
1830.  In  1820  they  built  Shade  forge,  below  the  furnace, 
which  was  operated  by  William  Earl  for  four  or  five  years, 
and  afterwards  by  John  Hammer  and  others.  About  1811 
Joseph  Vickroy  and  Conrad  Piper  built  Mary  Ann  forge,  on 
Stony  creek,  about  five  miles  below  Shade  furnace  and  half 
a  mile  below  the  mouth  of  Shade  creek.  David  Livingston 
was  subsequently  the  owner  of  the  forge,  and  operated  it  for 
several  years.  Richard  Geary,  the  father  of  Governor  John 
W.  Geary,  was  the  manager  of  the  forge  for  about  one  year, 
and  was  supercargo  of  a  load  of  bar  iron  which  was  shipped 
from  the  foi^e  down  the  Stony  creek,  the  Conemaugh,  and 
other  streams  to  Pittsburgh.  Pig  iron  was  sometimes  packed 
on  horseback  to  this  forge  from  Bedford  county,  the  horses 
taking  bar  iron  from  the  forge  and  also  salt  from  the  Cone- 
maugh salt  works  as  a  return  load. 

.  In  the  year  1809  or  1810  Peter  Kimmell  and  Matthias 
Scott  built  a  forge  for  the  manufacture  of  bar  iron  on  Laurel 
Hill  creek,  now  in  Jefferson  township,  in  the  western  part  of 
Somerset  county.  It  ceased  operations  about  1815.  Supplies 
of  pig  iron  were  obtained  in  Bedford  and  Fayette  counties. 
About  the  year  1810  Robert  Pliilson  erected  a  forge  and  fur- 
nace on  Casselman's  river,  in  Turkeyfoot  township.  This 
enterprise  was  a  failure.  Four  other  charcoal  furnaces  were 
afterwards  built  in  Somerset  county.  All  the  furnaces  and 
forges  in  this  county  have  long  been  abandoned. 

The  first  iron  enterprise  in  Cambria  county  was  a  forge 
at  Johnstown,  built  on  Stony  creek,  about  1809,  probably 
by  John  HoUiday,  a  resident  of  Hollidaysburg.  John  Buck- 
waiter  was  the  first  manager.  The  dam  of  this  forge  was 
washed  away  about  1811,  and  subsequently  the  forge  was 
removed  to  the  Conemaugh  river,  below  Johnstown,  where 
the  schoolhouse  on  Iron  street  now  stands,  in  the  Millville 
addition  to  Johnstown,  and  where  it  was  operated  down  to 
about  1822,  Rahm  &  Bean;  of  Pittsbut^h,  being  the  leasees  at 
this  time.  It  was  used  to  hammer  bar  iron  out  of  Juniata 
pig  iron  and  blooms.  In  1817  Thomas  Burrell,  the  propri- 
etor, offered  wood-cutters  "  fifty  cents  i>er  cord  for  chopping 
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two  thousand  cords  of  wood  at  Cambria  forge,  Johnstown." 
About  200  jiounds  of  nails,  valued  at  $30,  were  made  at 
Johnstown  by  one  establishment  in  the  census  year  1810, 
About  tliis  time  an  enterprise  was  established  at  Johnstown 
by  Robert  Pierson,  by  which  nails  were  cut  with  a  machine 
worked  by  a  treadle,  but  without  heads,  which  were  after-  . 
wards  added  by  hand.  Cambria  county  has  been  noted  as 
an  iron  centre  since  its  first  furnace,  Cambria,  was  built  by 
Geoi^e  S.  King,  David  Stewart,  John  K.  Shryock,  and  Will- 
iam L.  Shrj-ock,  in  1841,  on  Laurel  run.  It  was  followed  m 
the  next  six  years  by  five  other  charcoal  furnaces.  All  these 
furnaces  have  been  abandoned.  The  extensive  works  of 
the  Cambria  Iron  Company,  at  Johnstown,  ^fore  commenced 
in  1853  by  a  company  of  which  Mr.  King  was  the  origina- 
tor and  Dr.  Peter  Shoenberger  was  a  member.  They  were 
built  expressly  to  roll  rails,  the  Pennsylvania  Railroad,  pass- 
ing through  Johnstown,  having  been  completed  from  Phila- 
delphia to  Pittsburgh  in  the  preceding  year,  and  furnishing 
a  local  incentive  to  their  erection  as  well  as  a  convenient 
means  of  communication  with  other  sections  of  the  country 
in  need  of  rails.  Dr.  Shoenberger  had  previously  become  a 
half  owner  of  Cambria  furnace  and  a  part  owner  of  several 
other  furnaces  and  of  large  tracts  of  land  near  Johnstown, 
In  1832  Gordon  referred  to  the  prospect  of  making  iron 
from?  native  ore  in  Cambria  county  as  follows :  "  And  there 
is  iron,  as  it  is  said  by  some,  but  denied  by  others."  Mr. 
King  tested  at  Ross  furnace  in  1839  or  1840  the  ore  which 
he  had  found  in  the  hills  near  Laurel  run. 

The  first  iron  enterprise  in  Indiana  county  was  Indiana 
foi^,  on  Finley's  run,  near  the  Coneraaugh,  built  about  1837 
by  Hepry  and  John  Noble,  who  also  built  a  small  furnace 
as  early  as  1840.  The  forge  was  operated  by  water-power 
but  the  furnace  by  steam-power.  Both  enterprises  were  run- 
ning in  the  last-named  year.  Pig  iron  for  the  forge  was  at 
first  obtained  from  Allegheny  furnace,  now  in  Blair  county. 
Some  iron  ore  for  the  furnace  was  obtained  from  the  Alle- 
gheny furnace  mines.  About  1837  John  Noble  owned  a  farm 
of  about  200  acres  in  the  heart  of  the  present  city  of  Altoo- 
na,  which  he  sold  to  David  Robinson,  of  Pleasant  valley,  for 
$4,500,  taking   in    paj-ment  the  contents  of   Mr.  Robinson's 
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country  store,  which  he  removed  to  Finley'a  run  and  added  I 
to  the  capital  stock  of  the  firm  of  Henry  and  John  Noble. 
The  Altoona  farm  is  now  worth  many  millions  of  dollars. 
About  1846  the  Indiana  property  passed  into  the  hands  of 
Elias  Baker,  who  built  a  new  furnace  and  foi^e.  Three  other 
,  charcoal  furnaces  were  built  in  Indiana  county  in  1846  and 
1847.  All  its  furuacea  and  ita  solitary  forge  have  long  been 
abandoned. 

A  blast  furnace  was  built  at  Beaver  Falls,  on  the  west  • 
side  of  Beaver  river,  in  Beaver  cou:ity,  in  1802,  by  Hoopes, 
Townsend  &  Co.,  and  blomi  in  in  1804.  A  foi^e  was  con- 
nected with  it  from  the  begimiing,  and  was  in  operation  in 
1806.  The  furftaee  and  forge  were  both  in  operation  in  1816. 
The  whole  enterprise  was  abandoned  about  1826.  The  ore 
used  wa3  picked  out  of  gravel  banks  in  the  neighborhood 
in  very  small  lumps.  There  was  another  early  furnace  in 
Beaver  county,  named  Bassenheim,  built  in  1814  by  Detraar 
Basse  Miiller,  on  Connoquenessing  creek,  about  a  mile  west 
of  the  Butler  county  line.  In  February,  1818,  *12  per  ton 
were  paid  for  hauling  the  pig  iron  made  at  this  furnace  to 
Pittsburgh,  thirty  miles  distant,  over  a  bad  road.  The  fur-  ■ 
nace  was  abandoned  at  an  early  day.  John  Henry  Hop- 
kins, previously  mentioned  in  connection  with  General  St. 
Clair's  furnace  near  Ligonier,  was  engaged  about  1815  as  a  . 
clerk  at  Bassenheim  furnace.  • 

Prior  to  1846  there  were  a  few  furnaces  in  the  Shenangb 
valley,  all  charcoal,  one  of  which  was  Springfield  furnace, 
half  a  mile  from  Leesburg  and  seven  miles  southeast  of 
Mercer,  built  in  1837  and  active  in  1849,  while  another  waa  , 
Temperance  furnace,  about  six  miles  east  of  Greenville,  built 
by  J.  Green  Butler  about  1840.  Day,  in  1843,  says ;  "  Two 
furnaces  were  wrought  formerly,  but  have  since  been  aban- 
doned." In  1806  the  geographer  Joseph  Scott  says  that  "a 
forge  and  furnace  are  now  nearly  erected "  at  New  Castle. 
About  1810  there  was  a  forge  on  Neshannock  creek,  "  mid- 
way between  Pearson's  flour  mill  and  Harvey's  paper  mill," 
for  the  manufacture  of  bar  iron  from  the  ore.  The  first 
rolling  mill  in  Lawrence  county  was  built  in  1839  at  New 
Castle  by  James  D.  White,  of  that  place,  with  the  assistance 
of  Shubal  Wilder,  of  Massachusetts,  Joseph  H.  Brown,  and 
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other  practical  ironworkers.  It  made  cut  nails  and  bar  iron. 
At  first  only  Juniata  blooms  were  used,  as  the  mill  did  not 
contain  any  puddling  furnaces.  In  1841,  after  the  death  of 
Mr.  Wiite,  Messrs.  A.  L.  and  J.  M.  Crawford  and  George  K, 
Hitter,  all  of  Montgomery  county,  Pennsylvania,  bought  the 
mill  property,  and,  witii  the  practical  men  above  mentioned, 
organized  the  firm  of  J.  M.  Crawford  &  Co.,  which  enlarged 
the  mill  and  continued  to  make  bar  iron  and  nails.  In  1850 
the  Cosalo  Iron  Company  was  organized,  with  A,  L,  Crawford 
as  president  and  Mr.  Wilder  as  superintendent.  In  1853  a 
new  and  larger  mill  was  built.  In  1846  and  afterwards  sev- 
eral furnaces  were  built  in  this  valley  to  use  its  block  coal 
and  also  charcoal,  and  several  rolling  mills  were  also  built, 

Alexander  L.  Crawford  died  at  New  Castle  on  April  1, 
1890,  aged  about  70  years.  He  was  for  fifty  years  one  of 
the  country's  most  prominent  iron  manufacturers.  He  was 
also  prominent  in  the  building  of  railroads  and  in  the  de- 
velopment of  our  coal  mines,  his  various  enterprises  extend- 
ing to  many  States.  Shubal  Wilder  died  suddenly  at  Mid- 
dleboro,  Massachusetts,  iu  May,  1888,  aged  about  79  years. 

The  first  furnace  in  the  once  imjjortant  but  now  nearly 
neglected  ironmaking  district  composed  of  Armstrong,  But- 
ler, Clarion,  Venango,  and  other  northwestern  counties  was 
Bear  Creek,  in  Armstrong  county,  which  was  commenced  In 
1818  by  M'illiam  Stackpole  and  Iluggles  Whiting,  who  then 
owned  the  Pittsburgh  rolling  mill.  In  1819,  owing  to  the 
failure  of  this  firm,  the  furnace  passed  uncompleted  into  the 
hands  of  Baldwin,  Robinson,  McNickle  &  Beltzhoover,  of 
Pittsburgh,  It  went  into  operation  in  that  year.  It  was 
built  to  use  coke,  with  steam-power,  and  its  first  blast  was 
with  this  fuel,  but  the  blast  was  too  weak  and  the  furnace 
cliilled  after  two  or  three  tons  of  iron  had  been  made.  Char- 
coal was  then  substituted.  The  furnace  was  abandoned  long 
before  1850,  but  it  was  running  in  1832,  in  which  year  Gor- 
don says  that  it  was  owned  by  Henry  Baldwin,  Esq.,  and 
was  reputed  to  be  the  largest  furnace  in  the  United  States, 
having  made  forty  tons  of  iron  in  a  week.  This  furnace 
had  a  tram-road,  with  wooden  rails,  in  1818. 

Slippery  Rock  furnace,  in  Butler  county,  and  Clarion  fur- 
nace, in  Clarion  county,  were  built  in  1828,  the  latter  by 


Christian  Myers,  of  Lancaater  eoonty,  who  built  another 
fnmace  about  1844,  which  he  called  Polk,  Allegheny  furnace, 
at  Kittanning,  in  Armstrong  county,  and  Venango  furnace, 
on  Oil  creek,  in  Venango  county,  were  built  in  1830.  From 
1830  to  1850  this  section  of  the  State  produced  large  quanti- 
ties of  charcoal  pig  iron.  In  1850  there  were  eleven  furnaces 
in  Armstrong  county,  six  in  Butler,  twenty-eight  in  Clarion, 
and  eighteen  in  Venango :  sixtj'-tliree  in  all.  In  1858  there 
were  eighteen  in  Armstrong,  six  in  Butler,  twenty-seven  in 
Clarion,  and  twenty-four  in  Venango :  seventy-five  in  all. 
All  these  were  charcoal  furnaces,  except  four  coke  furnaces 
at  Brady's  Bend.  Many  of  these  furnaces  had,  however,  been 
abandoned  at  the  latter  date,  and  every  one  has  since  been 
abandoned.  Most  of  these  furnaces  were  built  to  supply  the 
Pittsburgh  rolling  mills  with  pig  iron. 

The  Great  Western  iron  works  at  Brady's  Bend,  embrac- 
ing four  furnaces  to  use  coke  and  a  rolling  mill,  were  com- 
menced by  Philander  Raymond  and  others  in  1840.  The 
furnaces  were  finally  blown  out  in  1873  and  the  rolling  mill 
was  abandoned  in  the  same  year.  It  was  built  in  1841  to 
roll  bar  iron,  but  it  afterwards  rolled  iron  rails,  which  were 
at  first  mere  Sat  bars,  with  holes  for  spikes  countersunk  in 
the  upper  surface.  The  mill  continued  to  make  rails  until 
after  the  close  of  the  civil  war.  In  1849  the  original  Great 
Western  Iron  Company  faUed,  and  upon  its  reorganization 
the  name  was  changed  to  the  Brady's  Bend  Iron  Company. 
There  was  a  large  amount  of  Boston  capital  at  one  time  in- 
vested in  these  works, 

Erie  charcoal  furnace,  at  Erie,  was  built  in  1842  and  aban- 
doned in  1849,  It  used  bog  ore.  It  was  owned  by  Charles 
M.  Reed,  Liberty  furnace,  on  the  nortli  side  of  French 
creek,  in  Crawford  county,  was  built  in  1842  by  LowTy  & 
Co,,  of  Meadville,  and  abandoned  in  1849, 

The  iron  manufactured  in  the  Allegheny  valley  was  tak- 
en down  the  Allegheny  river  to  Pittsburgh  on  keel-boats  and 
arks,  the  business  of  transporting  it  in  this  primitive  man- 
ner beijig  quite  extensive  down  to  about  1850, 
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EARLY   IRON  ENTERPRISES  IN  ALLEGHENY  COUNTY, 
PENNSYLVANIA. 

The  beginning  of  the  iron  industry  at  Pittsburgh  was 
made  at  a  comparatively  recent  period.  George  Anshutz,  the 
pioneer  in  the  manufacture  of  iron  at  Pittsburgh,  was  an  Al- 
sacian  by  birth,  Alsace  at  the  time  being  under  the  control 
of  France.  He  waa  born  near  Strasburg,  On  November  28, 
1753,  In  1789  he  emigrated  to  the  United  States,  and  soon 
afterwards  located  at  a  suburb  of  Pittsburgh  now  known  as 
Shady  Side,  where  he  built  a  small  furnace  on  Two-mile  run, 
probably  completing  it  in  1792,  In  1794  it  was  abandoned 
for  want  of  ore.  It  had  been  expected  that  ore  could  be  ob- 
tained in  the  vicinity,  but  this  expectation  was  not  realized, 
and  the  expense  entailed  in  bringing  ore  from  other  localities 
was  loo  great.  The  enterprise  seems  to  have  been  largely  de- 
voted to  the  casting  of  stoves  and  grates.  The  ruins  of  the 
furnace  were  visible  until  about  1850.  After  the  abandon- 
ment of  his  furnace  Mr.  Anshutz  accepted  the  management 
of  John  Probst's  Westmoreland  furnace,  near  Laughlinstown, 
and  remained  there  about  one  year,  whence  he  removed  to 
Huntingdon  county,  where,  in  connection  with  Judge  John 
Gloniuger  and  Mordecai  Masaey,  he  built  Huntingdon  fur- 
nace in  1796,  as  has  already  been  stated  in  a  preceding 
chapter.  He  died  at  Pittsburgh  on  February  28,  1837,  aged 
83  years  and  3  months.  Many  of  his  descendants  reside  in 
Pittsburgh  and  its  vicinity. 

We  have  received  from  Mr.  George  A,  Berry,  president  of 
the  Citizens'  National  Bank,  of  Pittsburgh,  and  a  grandson  of 
George  Anshutz,  the  following  interesting  reminiscences  of 
Mr.  Anshutz's  pioneer  iron  enterprise  at  Shady  Side,  His 
letter  containing  these  reminiscences  is  dated  at  Pittsburgh, 
May  8,  1891.    We  give  his  statement  in  its  entirety. 

I  am  now  on  the  verge  of  entering  my  74th  year,  and  I  have  a  very 
r\e»T  recollection  of  thiniw  fifty  and  even  aiity  years  ago.  1  ofttn  heard 
niy  grandfather  Hp<'ak  of  the  fiiroHce,  aa  well  aw  my  uncles  and  aimts,  all 


L 


THE    MANUFACTURE   OF 


brotherB  and  sieters  of  my  mother,  bouib  of  whom  bore  lived  to  within  the 
last  fifteen  yeara.  Mis.  Rahni,  my  mother'a  oldest  aieter,  who  was  bom  on 
Febniary  17, 17&B,  and  died  on  July  31, 187S,  was  four  years  old  when  the 
fiinmce  WOE  built.  She  hAd  a  very  dear  recoUection  of  it  and  told  me  many 
circumfitanceB  connected  with  it  I  have  a  family  Bible  which  hae  been 
in  our  family  for  over  seventy  years  and  in  which  my  mother'a  birth,  on 
December  ^7, 1793,  is  recorded,  and  I  had  it  from  her  sm  well  as  from  all 
the  fiunily  that  she  wae  born  at  the  furnace  referred  to  above. 

In  my  younger  days  I  heard  many  of  the  older  reridenU  of  the  east 
end  of  the  city  speak  of  seeing  the  old  stack.  Major  William  B.  Negley, 
one  of  our  oldest  and  heat-known  citiienB,  told  me  to-day  that,  when  he 
first  built  on  the  site  now  occupied  by  the  mansion  of  M.  K.  Jttoorhead, 
Esq.,  be  took  down  part  of  the  old  stack,  and  going  through  the  cinder 
piTe  found  several  relics  of  the  business,  siich  as  a  shovel,  pick,  etc.  John 
A.  Eenshaw,  Esq.,  who  also  buUt  on  part  of  the  property,  told  me  he 
could  locate  the  spot  occupied  by  the  fiirnace  as  well  as  the  tail-race  which 
carried  the  water  from  the  fiimace.  On  several  occasions  I  talked  with  the 
late  William  M.  Lyon  on  this  subject.  He  mentioned  several  thinits  ia 
connection  with  the  furnace,  among  others  that  alter  my  grandfather 
abandoned  it  it  was  used  by  Anthony  Beelen  as  a  foundry.  The  bmily 
of  the  late  Jonas  Roup  had  in  use  until  a  recent  period  pots,  skillets,  etc, 
made  at  the  [iu-nace. 

The  late  Judge  James  Veech  was  considered  authority  on  all  mattera 
of  the  olden  time.  He  came  here  from  Fayette  county,  and  1  think  wrote 
a  history  of  tbe  county.  In  a  long  newspaper  article  now  before  me,  in 
which  be  endeavors  to  establish  the  &ct  that  the  first  blast  fiimace  west 
of  the  Allegheny  mountains  was  built  in  Fayette  and  not  in  Allegheny 
county,  he  says,  speaking  of  my  grandfather's  fiimace :  "  My  researches 
on  the  subject  put  the  abortive  enterprise  at  least  two  years  later."  [Thai 
is,  1792  instead  of  17!H).]  "The  Gtcts  on  this  subject  which  I  am  about 
to  state  are  made  out  mostly  from  records  consulted  and  from  original 
papeis."  He  thus  admits  the  existence  of  the  fhrnace  but  is  a  little  doubt- 
fiil  of  dates.  Of  course  if  the  furnace  was  built,  of  which  there  is  no 
doubt,  it  was  put  in  blast,  but  for  how  long  I  have  no  jwaitive  knowl- 
edge. However  this  may  be  I  always  heard  that  ore  was  not  found  in 
sufficient  <|uantity  in  tbe  neighborhood  of  the  furnace,  and  that  the  sup- 
ply for  awhile  was  brought  down  the  Allegheny  river,  but  this  being  too 
expensive  the  enterprise  was  abandoned. 

My  grandGither  next  turns  up  at  Westmoreland  furnace,  as  will  be  seen 
from  an  advertisement  in  tbe  Pittsburgh  Gazette,  sa  follows :  "  Wettmorrland 
Punaice. — For  sale  at  said  furnace,  about  3  miles  from  Fort  Ligonier,  near 
the  State  Road,  stoves  and  a  fine  assortment  of  tbe  t>est  castings,  at  the 
most  reasonable  prices.    Obo.  Ansblt*,  Afaiirtjjer.    August  7th,  1795." 

I  think  that  the  above  information  will  satisfy  you  that  Geotge  An- 
shutE  built  the  first  fiimace  that  was  bui4t  in  Allegheny  county,  and  that  it 
was  in  operation  alx>ut  the  years  1792  to  1794.        Obo.  Anshdtz  Bbrbt. 


The  first  iron  foundry  at  Pittsburgh  was  established  about 
1805  by  Joseph  McClurg  on  the  site  of  tlie  present  post-office 
and  the  city  hall,  on  the  northeast  comer  of  Smithfield  street 
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and  Fifth  avenue.  Rev.  A.  A.  Lambing  says  that  Joseph 
Smith  and  John  Gormly  were  associated  with  Mr.  McClui^ 
in  this  enterprise.  They  retired,  however,  before  1807.  Mr, 
McCiurg  subsequently  took  his  son  Alexander  into  partner- 
ship. The  enterprise  was  styled  the  Pittsburgh  foundry. 
Isaac  Craig,  Esq.,  informs  us  that  on  February  12,  1806, 
Joseph  McClurg  advertised  in  the  CctminoH-we<dtk' that  "the 
Pittsburgh  Foundry  is  now  complete."  In  1812  it  was  eon- 
verted  by  Mr.  McClurg  into  a  cannon  foundry  and  supplied 
the  General  Government  with  cannon,  howitzers,  shells,  and 
balls.  Commodore  Perry's  fleet  on  Lake  Erie  and  General 
Jackson's  army  at  New  Orleans  received  their  supplies  of 
these  articles  in  part  from  this  foundry. 

According  to  Cramer'^  Pttt^urgk  Almanack  there  were 
three  nail  factories  at  Pittsburgh  in  1807 — Porter's,  Stur- 
geon's, and  Stewart's,  "  which  make  about  40  tons  of  nails 
yearly."  In  1810  about  200  tons  of  cut  and  wrought  nails 
were  made  at  Pittsburgh.  lu  1813  there  were  two  iron 
foundries  in  this  city,  McClurg's  and  Anthony  Beelen's,  and 
one  steel  furnace,  owned  by  Tuper  &  McCowan.  In  the  fol- 
lowing year  there  were  two  additional  foundries,  Mr,  Bee- 
len's foundry  was  put  in  operation  in  November,  1810, 

The  condition  of  the  iron  industry  at  Pittsburgh  in  1810 
is  thus  summed  up  by  a  writer  in  The  Navvjotor  for  1811 : 
"  The  manufacture  of  ironmongery  has  increased  in  this 
place  beyond  all  calculation.  Cut  and  wrought  nails  of  all 
sizes  are  made  in  vast  quantities,  about,  we  think,  200  tons 
per  year.  Fire  shovels,  tongs,  drawing-knives,  hatchets,  two 
feet  squares,  augers,  chissels,  adzes,  axes,  claw  hammers,  door 
hinges,  chains,  hackles,  locks,  door  handles,  spinning-wheel 
irons,  plough  irons,  flatirons,  ifec,  tons  of  these,  together  with 
a  number  of  other  articles  in  the  iron  way,  are  exported 
annually.  Abner  Updegraff  attempted  the  making  of  files, 
which  he  finds  he  can  do  to  advantage.  He  also  makes 
gimbleta,  and  by  way  of  experiment  made  a  neat  penknife, 
which  he  says  could  be  made  here  as  cheap  as  those  import- 
ed."   The  making  of  screws  for  butt  hinges  is  also  noted. 

A  rolling  mill  was  built  at  Pittsburgh  in  1811  and  1812 
by  Christopher  Cowan,  a  Scotch-Irishman,  and  called  the 
Pittsburgh  rolling  mill.    This  mill  had  no  puddling  furnaces. 
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Cramer's  Ptti^urgh  Almanack  for  1813  says  of  this  enterprise  : 
"  C.  Cowan  is  erecting  a  most  powerful  steam  engine  to  re- 
duce iron  to  various  purposes.  It  is  calculated  for  a  seventy 
horse  pmca-,  which  [will]  put  into  complete  operation  a  Boll- 
ing-^nill,  a  SlU(ing~»iill ,  and  a  Tilt-hammer,  all  under  the  same 
roof.  With  these  Mr.  Cowan  will  be  enabled  to  furnish  sheet- 
iron,  nail  and  spike  rods,  shovels  and  tongs,  spades,  scythes, 
sickles,  hoes,  axes,  frying-pans,  cutting-knives.  In  addition 
to  Mr.  Cowan's  already  extensive  nail  business  he  makes  a 
great  supply  of  chains,  plough  irons,  shingling  hatchets,  clew 
hammers,  chissels,  screw  augers,  spinning  wheel  irons,  and 
smiths'  vices  of  superior  quality."  This  rolling  mill  stood 
at  the  intersection  of  Penn  street  and  Cecil's  alley,  where  the 
fourth  ward  school-house  now  stands.  In  1816  it  was  owned 
by  William  Stackpole  and  Ruggles  Whiting,  of  Boston,  who 
failed  in  1819,  and  who  seem  to  have  made  nails  chiefly  by 
naii-cutting  machines  which  both  cut  and  headed  the  nails. 
In  1826  it  was  operated  by  R.  Bowen. 

In  the  Pittsburgh  Almanack  for  1819  the  following  account 
is  given  of  an  ambitious  manufacturing  establishment  in 
Pittsburgh  "within  the  year  1818:"  "Rolling  and  Slitting 
Mill. — A  very  extensive  establishment  under  the  superintend- 
ence of  Joshua  Malen,  formerly  of  Valley  Forge,  and  whose 
talents  will  be  an  important  acquisition  to  this  section  of  the 
Union,  has  been  made  by  the  'Pittsburgh  Steam  Engine  Co.' 
Wm,  Robinson,  jr.  &  Joshua  Malen.  At  their  rolling  mill, 
which  has  two  engines,  each  of  120  horse  power,  will  be  man- 
ufactured Bar,  Rolled,  and  SJieet  Iron."  Our  extracts  from  the 
Almanack  are  taken  from  its  pages  verbaiim.  We  can  not 
loaite  the  above  enterprise. 

The  Union  rolling  mill  was  the  next  mill  built  at  Pitts- 
burgh. It  was  located  on  the  Monongaliela  river,  was  built 
in  1819,  and  was  accidentally  blown  up  and  permanently  dis- 
mantled in  1829,  the  machinery  being  taken  to  Covington, 
Kentucky.  This  mill  had  four  puddling  furnaces— the  first 
in  Pittsburgh.  We  think  that  it  was  also  the  first  to  roll 
bar  iron.  It  was  built  by  Baldwin,  Robinson,  McNickle  & 
Beltzhoover,  It  is  claimed  that  the  first  angle  iron  rolled 
in  the  United  States  was  rolled  at  Ibis  mill  by  Samuel  Leon- 
ard, who  also  rolled  "  L  "  iron  for  salt  pans.    On  Pine  creek, 


IRON    IN    ALL    AGES. 

on  the  site  of  the  present  works  of  Spang,  Chalfant  &  Co., 
at  Etna,  Belknap,  Bean  &  Butler  manufactured  scythes  and 
sickles  as  early  as  1820,  but  in  1824  their  works  were  en- 
larged and  steam-power  iiftroduced  for  the  purpose  of  roll- 
ing blooms.  In  1826  the  works  were  operated  by  M.  B.  Bel- 
knap. They  afterwards  passed  into  the  hands  of  Cuddy  & 
Ledlie,  and  were  purchased  by  H.  S.  Spang  in  1828  to  roU 
bar  iron  from  Juniata  blooms?  A  rolling  mill  on  Grant's  Hill 
was  built  in  1821  by  William  B.  Hays  and  David  Adams.  It 
stood  near  where  the  court-house  now  stands.  Water  for  the 
generation  of  steam  at  this  mill  had  to  be  hauled  from  the 
Mouongahela  river.  The  Juniata  iron  works  were  built  in 
1824  by  Dr.  Peter  Sboenberger  on  the  site  which  they  now 
occupy.  Shgo  rolling  mill  was  erected  where  it  now  stands 
by  Robert  T.  Stewart  and  John  Lyon  in  1825,  but  it  was 
partly  burned  down  in  that  year.  The  Dowlais  works,  in 
Kensington,  were  built  in  1825  by  George  Lewis  and  Renhen 
Leonard.  In  1826  all  these  mills  did  not  make  bar  iron; 
one  or  two  rolled  and  hammered  iron  in  other  forms. 

The  condition  of  the  iron  industiy  at  Pittsburgh  at  the 
close  of  the  first  quarter  of  the  present  century  is  thus  sum- 
med up  in  Cramer's  Magtmne  Almanac  for  1826 : 

The  manufactures  of  Pitlslmrgh,  jiartlnjlarly  in  tbe  article  of  iron,  be- 
gin lo  us^iiiiM'  a  very  itil«resting  acpec-t.  Not  lens  than  five  rolling  mills  are 
now  in  operation,  and  a.  eiith  will  soon  be  ready,  for  the  variouB  manufact- 
Dree  of  iron.  Four  of  the  mills  are  capublo  of  making  iron  Irom  tbe  pig, 
besides  rolling,  alitting,  and  cutting  into  uaile.  The  other  (occupied  by 
Mr.  R.  Bowen,  formerly  by  the  Mesare.  Whitings,  and  owned  and  built  by 
Mr.  C.  Cowan)  ia  engaged  only  in  rolling  bar  and  boiler  iron  and  cutting 
nails.  Tbe  fiiel  to  nupply  the  engines— the  nietal  and  other  materials  re- 
quired in  conducting  the  o|>eniIion  of  these  works,  and  in  their  repairs,  it 
is  computed  afford  employment  to  ujiwardti  of  fifteen  hundred  people,  the 
value  of  whose  labour  may  be  pstiniatcd  at  flfleen  hundred  dollars  each 
per  annum,  or  two  million  two  luindred  and  fifty  thousand  doUara,  while 
the  total  product  may  be  estimated  at  three  million  of  dollars  I!  How  im- 
portant an  luldition  to  the  national  wealth  in  this  section  of  tbe  Union  I 
Great  credit  is  due  to  Memrs.  Baldwin,  Rubinsou  &  McNickle  for  tbeir 
.  perseverance  in  establishing  this  important  branch  of  buaineHS,  and  for 
bringing  it  to  that  perfeftion  which  it  has  attained.  Gre«t  &cilitiee  are 
now  afforded  to  mecbiuiics  in  ail  the  various  braxicbes  of  smith  work  and 
hardware  by  tlie  preparation  of  iron  into  whatever  shape  {slit,  rolled, 
square,  or  round)  that  may  be  required  for  any  jiarticulur  description  of 
work.  It  is  generally  Ijelieved  Ibal  no  other  place  in  the  Union  affords 
greater  advantages  for  the  extensive  manufacture  of  unvits,  vices,  and  ali 
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fcinds  of  iron  work.    The  competitinii  which  at  present  exists,  and  wlii<^  I 

is  increaeing  by  the  erertion  of  new  works,  will  ensure  a  plentiful  supply  I 

of  iron  and  nails  for  the  Western  States,  of  an  improving  quality,  on  bet  I 

ter  terms  than  they  can  be  procured  fr^  the  seaboard. 

The  first  rolling  mill  in  Allegheny  City  was  the  Juniata  j 
rolling  mill,  built  in  1827.    It  bore  the  same  uame  as  Dr. 
Shoenberger's  mill  previously  erected  in  Pittsburgh  in  1824, 
but  it  must  not  be  confounded  witli  it.     The  following  cii^  , 
cumstantial  account  of  the  Allegheny  City  enterprise  we  take  1 
from  Recolledicm  of  Seventy  Years,  by  Judge  John  E.  Parke, 
who  died  in  Allegheny  City  on  April  22, 1885,  aged  78  years.   , 

The  Juuiuta  rolling  mill  was  built  on  the  lot  extending  from  Robin-    ' 
ehn  street  along  the  west  side  of  Darragh  street  to  the  Allegheny  river,  at 
the  fonner  outlet  of  the  PcnnBylvania  Canal,  by  Sylvanus  Lothrop,  JamM    j 
Anderson,  and  Henry  Blake,  in  the  years  1S36  and  1827.    Mr.  Blake  sold 
his  interest  to  Capt.  William  Hlewart,  and  Meaens.  Lotbrop,  Anderson,  and 
Stewart  sold  out  their  interest  in  1834  to  John  Bissell,  William  Morrison,    , 
and  Edward  W.  Stephens.    The  mill,  having  been  constructed  for  tbo 
exclusive  use  of  Juniata  blooms,  was  extended  by  the  latter  firm  to  the 
manulki-ture  of  iron  by  the  puddling  and  boiling  process,  and  was  the  flret    ' 
boUing  fiimace  erected  in  Allegheny  county.    Here,  too,  was  also  erected 
the  first  coffee-mill  squeezer,  imder  the  personal  superintendence  of  the 
patentee,  Mr.  Burden,  of  New  York.    The  manufacture  of  iron,  nails,  and 
steel  of  the  lowest  grade  was  HUeceesfiillj-  carried  on  by  the  latter  firm  and 
their  siiccesaors  until  the  year  1850,  when  it  was  deemed  advisable  t 
mantle  the  works.    The  machinery  was  sold  to  MesstB.  Reis,  Brown,  Ber-  | 
ger,  and  James  Ward,  and  was  removed  to  Niles,  Ohio 

In  the  United  States  a  rolling  mill  is  understood  to  mean  I 
an  establishment  for  rolling  iron  or  steel,  and  it  may  haT0>| 
one  train  of  rolls  or  many  trains. 

In  1829  Allegheny  county  had  eight  rolling  mills,  using  I 
6,000  tons  of  blooms  and  1,500  tons  of  pig  iron,  all  brought  ] 
from  other  localities.     In  that  year  there  wore  nine  -found-  J 
ries,  which  consumed  3,500  tons  of  iron.     In  1828  the  iron  J 
rolled  was  3,291  tons,  in  1829  it  was  6,217  tons,  and  in  1830 1 
it  was  9,282  tons.     In  1831  there  were  two  steel  furnaces  at  ] 
Pittsburgh.     Cast  iron  began  to  be  used  in  this  year  for  pil- 
lars, the  caps  and  sills  of  windows,  etc.     In  1836  there  were  J 
nine  rolling  mills   in  operation  and  eighteen  foundries,  en-  ' 
gine-factories,   and    machine-ahopa.     In    1856  there    were   at 
Pittsburgh  and  in  Allegheny  county  twenty-five  rolling  mills. 
In  1890  there  were  sixty  iron  rolling  mills  and  steel  works  in 
All^heny  county.     The  Pittsburgh  rolling  mills  were  large- 
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ly  supplied  from  the  first  with  blooma  from  the  Juniata  val- 
ley and  with  pig  iron  from  nearer  localities,  but  large  quan- 
tities of  blooms  were  also  brought  to  Pittsburgli  from  Ohio, 
Kentucky,  and  Tennessee.  Allegheny  county  has  long  enjoy- 
ed the  reputation  of  leading  all  other  iron  districts  in  tlie 
country  in  the  production  of  rolled  iron  and  the  various 
kinds  of  steel.  Of  its  enterprise  in  the  manufacture  of  -steel 
we  will  speak  in  subsequent  chapters. 

Clinton  furnace,  built  in  1859  by  Graff,  Bennett  &  Co., 
and  blown  in  on  tlie  last  Monday  of  October  in  that  year, 
was  the  first  furnace  built  in  Allegheny  county  after  the  aban- 
donment in  1794  of  George  Anshutz'a  furnace  at  Shady  Side, 
a  surprisingly  long  interval  if  we  consider  the  prominence  of 
this  great  iron  centre  in  the  manufacture  of  rolled  iron  aft«r 
its  second  large  rolling  mill,  the  Union,  was  built  in  1819. 
This  furnace  was  built  to  use  coke  made  from  coal  from  the 
Pittsburgh  vein,  but  it  did  not  prove  to  be  a  good  furnace 
fuel,  and  coke  from  the  Connellsville  region  was  soon  substi- 
tuted with  great  success.  This  success  led  to  the  building  of 
other  coke  furnaces  at  Pittsburgh  and  in  Allegheny  county. 
Their  aggregate  production  of  pig  iron  in  1883  was  greater 
than  that  of  any  other  district  in  the  United  States,  not  ex- 
cepting the  celebrated  Lehigh  valley  district  in  Pennsylvania, 
This  position  of  supremacy  has  since  been  maintained.  The 
production  of  pig  iron  by  Allegheny  county  in  1890  was 
greater  than  that  of  any  State  in  the  Union,  Pennsylvania 
excepted.  It  amounted  to  1,337,309  gross  tons.  Iron  ore 
for  the  furnaces  of  this  caunty  is  chiefly  obtained  from  the 
Lake  Superior  region,  but  some  other  native  ores  are  used 
and  also  considerable  quantities  of  foreign  ores.  About 
twenty  years  ago  Missouri  ores  were  used  in  large  quantities. 
There  are  now  twenty-six  coke  furnaces  in  this  county,  and 
many  of  them  are  among  the  best  in  the  country.  The 
best  blast-furnace  record  that  has  been  made  in  this  or  any 
other  country  must  be  credited  to  the  furnaces  connected 
with  the  Edgar  Thomson  steel  works  at  Braddock,  Allegheny 
county.    We  will  refer  to  this  record  hereafter. 

In  1810  there  were  in  Pennsylvania  44  blast  furnaces,  78 
4  bloomaries,  18  rolling  and  slitting  mills,  6  air  fur- 
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I  trip-hammers,  5  steel  furnaces,  and  175  naileries. 
The  furnaces  produced  26,878  gross  tons  of  "  cast  iron,"  the 
product  of  the  whole  country,  with   153  blast  and  air  fur- 

38,  being  53,908  tous.  Of  the  5  steel  furnaces  in  Pennsyl- 
vania one  was  in  Philadelphia  city  and  one  each  in  Phila- 
delphia, Lancaster,  Dauphin,  and  Fayette  counties,  and  their 
■product  was  531  tons  of  steel,  valued  at  $81,147.  In  1840 
there  were  213  furnaces  iu  Pennsylvania  and  169  forges  and 
rolling  mills.  In  1850  there  were  298  furnaces,  121  forges, 
6  bloomaries,  and  79  rolling  mills.  Of  the  furnaces  exist- 
ing in  1850  nearly  all  were  charcoal  furnacee,  only  57  being 
anthracite  and  11  bituminous  coal  and  coke  furnaces.  The 
production  of  the  furnaces  in  1849  was  253,035  tons ;  of  the 
bloomaries,  335  tons;  of  the  forges,  28,495  tons;  and  of  the 
rolling  mills,  108,358  tons. 

The  charcoal  iron  industry  of  Pennsylvania  still  exists, 
but  its  glory  has  departed.  About  1840  a  revolution  was 
created  in  the  iron  industry  of  the  country  by  the  introduc- 
tion of  bituminous  and  anthracite  coal  in  the  blast  furnace, 
and  soon  afterwards  the  manufacture  of  charcoal  iron  in 
Pennsylvania  furnaces  commenced  to  decline.  About  1830 
rolling  mills  in  many  parts  of  the  State  began  to  puddle 
iron  extensively,  and  this  innovation  drove  out  of  existence 
many  charcoal  forges  which  had  been  employed  in  produc- 
ing blooms  for  rolling  mills  as  well  as  to  be  reduced  to  bar 
iron  under  their  own  hammers.  Most  of  the  charcoal  fur- 
naces and  forges  and  all  of  the  primitive  charcoal  bloom- 
aries have  been  abandoned. 

Since  about  the  middle  of  the  last  century  Pennsylvania 
has  been  noted  as  the  leading  iron  and  steel  making  State  in 
the  Union.  For  many  years  it  has  produced  one-half  of  all 
the  jHg  iron,  one-half  of  all  the  rolled  iron,  and  more  than 
one-half  of  all  the  steel  made  in  tlie  United  States.  In  1890 
it  made  48  per  cent,  of  the  large  product  of  pig  iron  in  that 
year ;  61  per  cent,  of  the  Bessemer  steel  ingots  produced  ;  70 
per  cent,  of  the  Bessemer  steel  rails  produced :  81  per  cent, 
of  the  open-hearth  steel  produced  ;  75  per  cent,  of  the  cru- 
cible steel  produced ;  52  per  cent,  of  the  rolled  .iron  produc- 
ed ;  and  54  per  cent  of  the  product  of  rolled  steel  other  than 


I 


IRON   IN  ALL  AGES. 


CHAPTER   XXI. 


THE  EARLY  MANUFACTURE  OF  IRON  m  DELAWARE. 


Ik  the  Colonial  Records  of  Pennsylvania,  volume  L,  page 
115,  mention  is  made  of  one  James  Bowie,  who  was  "living 
near  iron  hill  about  eight  miles  distance  from  New  Castle," 
Delaware,  in  1684.  In  Oldmixon's  British  Empire  in  Amer- 
ica, edition  of  1708,  in  referring  to  New  Castle  county,  then  in 
Pennsylvania  but  now  in  Delaware,  it  is  said  that  there  is  a 
place  in  the  county  "called  iron  hill,  from  the  iron  ore  found 
there,"  but  tlie  existence  of  an  "iron  mill"  to  use  the  ore  is 
expressly  denied.  This  iron  hill  is  undoubtedly  the  one  re- 
ferred to  in  the  Colonial  Secords  as  having  been  known  as 
early  as  1684.  It  may  be  that  it  was  in  the  neighborhood 
of  this  deposit  where  Richard  Frame's  forty  pounds  of  iron 
were  made  as  early  as  1692,  and  which  he  credits  to  Pennsyl- 
vania, and  that  it  was  the  iron  ore  in  this  hill  to  which  Ga- 
briel Thomas  referred  in  1(598  in  his  description  of  Pennsyl- 
vania, the  territory  now  embraced  in  the  State  of  Delaware 
forming  an  integral  part  of  Penn's  province  down  to  a  much 
later  date  than  the  one  last  mentioned. 

Mr.  Hungerford  saya  that  iron  hill,  in  Pencader  hundred, 
in  New  Castle  county,  Delaware,  was  called  by  that  name  as 
early  aa  May.  1661,  and  that  iron  ore  was  discovered  at  that 
place  by  the  Dutch  soon  after  their  occupancy  of  the  terri- 
tory in  16.55,  if  not  earlier  by  the  Swetles.  He  further  in- 
forms us  that  in  April,  1661,  four  Knglishmen  were  murdered 
by  Indians  while  on  their  way  from  New  Arastel  (now  New 
Castle)  to  the  head  of  Chesapeake  bay.  The  affair  caused  a 
correspondence  between  Vice-Director  William  Beekraan,  of 
the  Dutch  West  India  colony,  then  at  Fort  Alteua,  (Wilming- 
ton,) and  Vice-Director  Alexander  De  Hinijossa,  of  the  colo- 
ny of  the  City  of  Amsterdam,  at  New  Amstel,  on  one  side, 
and  the  Director-General,  Petrns  Stnyvesant,  upon  the*  other. 
Beekman  recites  the  fact  in  his  letter  dated  May  27th,  but 
does  not  locate  the  i>lace.  De  Hinijossa,  under  date  of  May 
15th,  says  it  occurred  at  "Morettica,  on  iron  hill." 
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Mrs.  James  says  that  on  the  24th  of  September,  1717,  i 
Sir  William  Keith,  Governor  of  Pennsylvania,  "  WTote  to  the 
Board  of  Trade  in  London  that  he  had  found  great  plenty 
of  iron  ore  in  Pennsylvania,"  and  Bishop  says  that  "Sir  Will* 
iam  Keith  had  iron  works  in  New  Castle  county,  Delaware, 
erected  previous  to  1730,  and  probably  during  his  adminis- 
tration from  1717  to  1726."  Emanuel  Swedenborg,  in  his 
De  Ferro,  printed  in  1734,  gives  some  particulars  of  Uie  early 
iron  works  in  Delaware,  which  he  derived  from  the  Swedish 
settlers  on  the  Delaware  river.  He  mentions  smelting  works 
on  the  Christiana  river,  built  by  Sir  William  Keith  during 
the  latter  part  of  his  administration,  which  produced  large 
quantities  of  iron  in  the  first  two  years  of  their  existence 
but  were  abandoned  the  next  year  owing  to  the  difficulty 
of  smelting  the  ore.  He  also  mentions  another  enterprise, 
about  a  mile  distant  from  the  other  works.  Mr.  Hunger- 
ford  says  that  this  last  enterprise  was  on  Uie  south  bank  of 
Christiana  creek,  north  of  iron  hill,  and  was  called  Abbington 
furnace.  It  was  built  by  a  company  in  1726  or  1727,  A 
forge  was  built  near  this  furnace  before  1734,  when  it  and  an 
eighth  part  of  the  furnace  were  owned  by  Samuel  James.  A 
bloomary,  located  near  St.  James's  church,  on  the  Huitleer 
river,  (White  Clay  creek,)  is  mentioned  by  Swedenborg,  the 
owner  being  John  Ball,  who  was  a  blacksmith.  We  give 
herewith  a  translation  of  Swedenborg'*  whole  reference  to  the 
early  iron  works  in  Delaware,  reminding  the  reader  that  the 
volume  from  which  it  is  taken  was  printed  in  1734. 


>n  were  constructed  by 
n  the  hanke  of  the  river 
.ee  they  produced  n  eat- 
,  because  the  ore  fiuled, 
a  region  containa 


About  nine  yearn  ago  works  for  smelting  in 
the  Governor  of  the  Province,  Sir  William  Keitli,  o: 
ChriaUana.    For  the  firat  two  years  of  their  exislen 
ficient  quantity  of  iron ;  bat  during  the  third  year 
they  were  abandoned.    It  ie  asserted  that  the  ore 
much  iron,  but  that  it  ie  refractory,  and  without  limestone  bh  a  flux  (of  ^ 
which  tbere  is  little  to  be  had)  can  not  be  smelted.    At  the  distance  of  one 
mile  from  thnt  plarc  tbere  ie  another  smelting  works  erected,  but  it  is  a 
thfit,  on  account  of  the  exceeding  drynesi  of  the  ore  and  scarcity  of  lime-  i 
stone,  smelting  has  not  been  undertaken  there;  liut  the  ore  is  now  reduced   [ 
by  itself  in  hearths,  small  bare,  or  reworked  crude  iron,  being  produced  at   { 
pleaaiite.    In  the  neighborhood,  on  the  river  RuiUeer,  are  similar  small 
works  near  the  church  of  St.  Jumes,  and  owned  by  Mr.  John  Ball,  nbere    ' 
also  from  ore,  or  crude  iron,  bars  for  blacksmith's  work,  or  fargings,  are  pro- 
duced by  successive  rehentinge,  bttt  these  works  have  but  one  hearth. 
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Mr.  Hungerford  says  that  Sir  William  Keith  commenced 
purctiasiiig  lands  in  Delaware  in  1722  and  made  his  last  pur- 
chase in  1726,  in  which  year  seven  tracts  of  land,  embracing 
in  all  1,260  acres,  and  lying  in  the  hundreds  of  Pencader, 
White  Clay,  Mill  Creek,  and  Christiana,  were  all  sold  by  Sir 
William  to  John  England,  then  manager  of  Principio  fur- 
nace, in  Maryland. 

We  have  seen  an  autograph  legal  opinion  of  Andrew 
Hamilton,  not  published,  dated  Philadelphia,  March  6,  1730, 
from  which  we  learn  that  Sir  William  Keith  agreed  to  con- 
vey to  John  England  "sundry  lands  and  tenements  in  New 
Castle  county,  on  Dellaware,  upon  which  lands  there  was  a 
small  iron  forge  and  supposed  to  be  a  great  quantity  of  iron 
ore."  It  was  afterwards  ascertained,  however,  that  the  ore 
referred  to  was  on  the  land  of  John  Jlvans  and  not  on  Sir 
Williari^s  lands,  but  the  existence  of  a  forge  on  the  lands  of 
the  latter  is  not  called  in  question  by  the  author  of  the  opin- 
ion. Undoubtedly  Sir  William  owncfl  a  forge,  as  appears 
from  the  opinion,  and  it  probably  succeeded  a  furnace. 

In  a  biographical  and  critical  sketch  of  Sir  William 
Keith,  written  by  Charles  P.  Keith,  and  published  in  the 
Pennsylvania  Magasine  of  History  and  Biography  for  1888,  we 
find  the  following  reference  to  Sir  William's  iron  enterprises 
in  Delaware:  "The  Just  and  Plain  VinditxUian  of  Sir  William 
^  Keith,  published  about  the  middle  of  1726,  says  that  he  had 
laid  out  not  only  two  thousand  pounds  on  a  farm,  but 
'4,000/.  in  another  Place;  where,  by  Erecting  an  Iron-Work, 
it  is  improved  to  near  double  the  prime  Cost,  and  this  last 
Estate  Sir  William  all  along  design'd  as  a  Security  to  his 
Creditors,  until  they  were  fully  satisfy'd  and  paid  ; '  while  tlie 
More  Just  Vindication  answers  that  scarcely  any  one  would 
take  the  works  as  a  gift,  if  obhged  to  maintain  them."  Sir 
William's  "  iron  work  "  was  probably  built  between  1722  and 
1726,  as  it  was  in  the  year  first  mentioned  when  he  appears 
to  have  commenced  to  purchase  lands  in  Delaware. 

The  exact  location  of  Sir  William  Keith's  iron  enterprise, 
which  was  probably  the  first  of  its  kind  in  Delaware,  we  have 
been  unable  to  determine,  but  it  is  exceedingly  probable  that 
it  was  located  near  iron  hill.  That  it  was  on  the  Christiana 
river  is  made  certain  by  Swedenborg's  exact  statement.    The 


Christiana  skirts  the  foot  of  iron  hill.  It  will  be  remembered 
that,  on  tlie  24th  of  September,  1717,  Sir  William  wrote  to 
the  Board  of  Trade  in  London  that  he  had  found  "great 
plenty  of  iron  ore  "  in  Pennsylvania,  the  reference  being  most 
probably  to  New  Oastte  county,  Delaware,  where  Sir  William 
afterwards  engaged  in  the  manufacture  of  iron.  He  did  not 
engage  in  that  manufacture  at  any  other  place  in  Pennsylva- 
nia or  Delaware.  There  is  not  any  "  great  plenty  of  iron  ore  " 
anywhere  else  in  New  Castle  county  than  at  iron  hill. 

There  is  a  local  tradition  that  there  was  a  furnace  at  tlie 
foot  of  iron  hill  about  1730,  In  the  gable  of  an  old  Baptist 
church  near  iron  hill  is  a  cast-iron  plate,  dated  1746,  which 
was  probably  cast  at  Abbington  furnace.  In  the  edition  of 
Oldmixon  for  1741  the  author  says  tliat  "between  Brandy- 
wine  and  Christiana  ^  an  iron  mill."  This  reference  must 
be  to  Abbington  furnace.  The  original  members  of  ftie  com- 
pany which  built  tliis  furnace  are  given  by  Mr.  Hungerford 
as  follows  from  a  deed  dated  October  27, 1727,  at  which  time 
it  is  stated  in  the  deed  that  the  furnace  had  been  completed : 
"  Samuel  James,  of  Peukadder  hundred,  in  y*  county  of  New 
Castell,  upon  Deleware,  millwright,  of  the  first  pari- ;  Reece 
Jones,  of  Penkadder  hundred,  tanner,  of  the  second  part: 
Samuel  Nutt,  of  Chester  county,  Pennsylvania,  iromnonger, 
of  the  third  part;  Evan  Owen,  of  the  city  of  Philadelphia, 
merchant,  of  the  fourth  part;  William  Branson,  of  Philadel- 
phia, merchant,  of  the  fifth  part;  Thomas  Rutler,  of  the 
same  city,  smith,  of  the  sixth  part ;  John  Rutter,  of  the  same 
city,  smith,  of  the  seventh  part;  and  Caspar  Wistar,  of  Phil- 
adelphia, brass-button  maker,  of  the  eighth  part."  No  men- 
tion is  made  of  Abbington  furnace  or  the  forge  of  Samuel 
James  after  1768.  Both  furnace  and  forge  are  often  referred 
to  as  the  Abbii^;ton  iron  works.  The  furnace  stood  on  the 
south  bank  of  Christiana  creek  near  tlie  Anabaptist  meeting- 
house, and  the  forge  stood  on  land  now  owned  by  the  Cooch 
brothers  and  above  the  Cooch  mill.  The  funiace  was  situ- 
ate on  land  now  owned  by  William  McConaughey. 

Mr,  Hungerford  informs  us  that  one  John  Ball  owned  a 
tract  of  land  in  Mill  Creek  hundred,  containing  400  acres, 
called  "New  Design,"  which  in  a  deed  is  described  as  lying 
on  the  west  side  of  a  branch  of  AVhite  Clay  creek,  called  Mill 
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creek,  between  Mill  creek  and  William  Ball's  land,  and  he 
also  owned  100  acres  of  land  adjoining.  St,  James's  church 
is  on  the  east  side  of  Mill  creek,  nearly  oppoaite  the  tract 
"New  Design,"  upon  which  the  Balls  lived.  Iron  hill  was 
ahout  six  or  seven  miles  distant.  The  ore  for  John  Ball's 
bloomary  was  doubtless  hauled  from  iron  hill. 

The  iron  hill  to  which  reference  has  above  been  made  is 
situated  about  three  miles  south  of  Newark,  near  the  Mary- 
land line  and  in  sight  of  Christiana  creek.  Ore  taken  from 
this  place  has  been  used  at  Principio  furnace,  in  Cecil  county,* 
Maryland,  since  1847.  This  ore  has  also  been  used  at  some 
furuaces  in  Pepnsylvauia.  Previous  to  1847  the  mines  had 
been  worked  but  little.  Between  1832  and  1847  some  ore  waa 
mined  here  and  lakeu  to  a  furnace  in  New  Jersey, 

Bishop  says  that  in  Sussex  county,  in  the  southern  part 
of  Delaware,  "where  bog  ore  in  the  shape  of  a  very  pure 
hydrate,  yielding  from  55  to  66  per  cent,  of  iron,  exists  in 
large  beds  in  the  vicinity  of  Georgetown  and  on  the  branch- 
es of  the  Nanticoke  and  Indian  rivers,  the  manufacture  of 
iron  and  castings  was  carried  on  before  the  Revolution  to 
a  considerable  extent.  The  compact  hydrated  peroxide  of 
some  of  these  beds  has,  since  the  early  part  of  this  century, 
been  raised  in  quantities  for  exportation,  and  the  local  produc- 
tion of  iron  is  consequently  leas  thim  it  might  have  been." 
Tench  Coxe,  in  his  report  on  The  Arts  and  ManufaxAurea  of  the 
United  Stales  in  1810,  mentions  five  forges  in  Sussex  county, 
which  produced  in  that  year  215  tons  of  iron,  but  he  makes 
no  reference  to  a  blast  furnace  in  the  whole  State,  Bog  ore 
from  near  Milton,  in  Sussex  county,  was  at  one  time  taken 
to  Millville,  New  Jersey,  to  be  smelted  in  a  furnace  at  that 
place  which  was  built  in  1815.  Sussex  ore  has  also  been 
shipped  to  other  places. 

In  1763  a  company,  under  the  leadership  of  Colonel 
Joseph  Vaughan,  built  a  furnace  near  Concord,  in  Sussex 
county,  on  Deep  creek,  a  tributary  of  Nanticoke  river,  to 
which  a  forge  on  Nanticoke  river  was  added  in  1769.  They 
were  known  as  the  Deep  Creek  iron  works,  the  furnace  be- 
ing known  as  Deep  Creek  furna<;e  and  the  foi^e  as  Nanti- 
coke forge.  The  company  had  a  stone  wharf  at  the  head 
of  Nanticoke  river,  and  shipped  its  iron  direct  to  England. 
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The  iron  was  called  "Old  Meadow."  "The  stone  wharf  is 
there  yet,"  said  Mr.  Francis  Vincent,  of  Wilmington,  in  a  let^ 
ter  we  received  from  liim  a  few  years  ago.  The  Revolution- 
ary war  practically  ended  these  enterprises.  Colonel  Vaughan 
commanded  one  of  the  Delaware  regiments  during  the  Rev- 
olution. Another  furnace  at  Concord,  also  located  on  Deep 
creek,  was  built  by  a  company  in  1764,  the  furnace  being 
known  as  Pine  Grove.  This  furnace  was  abandoned  soon 
after  the  close  of  the  Revolution.  Unity  forge,  on  the  main 
<&ranch  of  Nanticoke  river,  was  built  as  early  aa  1771  and 
continued  in  operation  as  late  as  1816. 

As  late  as  1850  there  was  a  forge  on  Gravelly  branch,  in 
Nanticoke  hundred,  in  Sussex  county,  known  as  CoUins'a 
forge,  which  made  bar  iron  in  large  quantities  from  iron  ore 
from  lands  farther  east  for  the  Baltimore  and  Philadelphia 
markets.  It  was  built  about  1808  by  John  Collins,  who  was 
afterwards  Governor  of  Delaware.  In  1808  Shadrach  Elttot 
built  a  forge  at  the  mouth  of  Gravelly  branch  and  at  the 
upper  end  of  the  Middleford  pond.  In  a  deed  for  [mrt  of  the 
land,  dated  August  4,  1812,  the  forge  is  mentioned  as  "Grav- 
elly Delight  forge."  It  probably  went  out  of  operation  be- 
tween 1816  and  1820.  In  1807  Josiah  Polk  was  in  possession 
of  a  forge  which  had  been  erected  some  time  before  on  the 
south  side  of  Broad  creek,  about  a  mile  and  a  half  east  of 
Laurel,  in  Sussex  county.  It  was  operated  by  him  until  his 
death,  which  occurred  about  1840,  and  was  then  abandoned. 

We  are  indebted  to  Mr.  Hungerford  for  exact  information 
concerning  all  of  the  above-mentioned  early  Sussex  county 
iron  works,  not  one  of  which  now  remains. 

About  1820,  as  we  were  informed  in  his  lifetime  by 
Hon.  Caleb  S.  Layton,  of  Sussex  county,  a  blast  furnace  waa 
established  at  Millsborough,  on  Indian  river,  about  eight 
miles  south  of  Georgetown,  by  Colonel  William  D,  Waplea 
and  others.  In  connection  with  this  furnace  was  a  foundry. 
An  interest  in  the  furnace  was  purchased  in  1822  by  Hon, 
Samuel  G.  Wright,  of  New  Jersey,  and  in  1830  his  son, 
Colonel  Gardiner  H.  Wright,  obtained  an  interest,  and  after- 
wards operated  the  furnace  until  1836,  when  it  went  out 
of  blast.  The  foundry  continued  in  operation  until  1879. 
In  1859  Lesley  stated  that  "Millsborough  charcoal  furnace, 


owned  by  Gardiner  H.  Wright,  of  Millsborough,  Sussex 
county,  Delaware,  is  the  only  furnace  in  the  State,  and  has 
not  made  iron  for  ten  years.  A  cupola  furnace  is  in  activity 
beside  it."  Mr.  Vincent  informed  us  that  the  castings  for  the 
Eastern  Penitentiary  of  Pennsylvania  and  for  Moyamonsing 
Prison,  and  the  iron  railing  which  once  surrounded  Inde- 
pendence Square,  in  Philadelphia,  were  cast  at  Millsborough 
furnace;  we  presume  at  the  "cupola  furnace."  In  1828  and 
in  the  two  succeeding  years  Millsborough  furnace  and  found- 
ry produced  450  tons  of  pig  iron  and  350  tons  of  castings. 

A  rolling  mill  near  Wilmington,  Delaware,  existing  and 
in  operation  in  1787  or  1788,  has  already  been  referred  to  in 
the  chapter  relating  to  New  York.  This  mill  then  rolled 
Swedish  and  Russia  iron  for  the  use  of  a  New  York  cut-nail 
factory.  It  occupied  the  site  of  the  present  Hagley  powder 
works.  It  was  built  before  1783  and  was  abandoned  about 
1812. 

Tencli  Coxe  says  that  in  1810  there  were  three  rolling  and 
slitting  mills  in  New  Castle  county.  Lesley  stated  in  1859 
that  tlie  Delaware  iron  works,  located  five  miles  northwest  of 
Wilmington,  then  owned  by  Alan  Wood,  of  Philadelphia,  and 
built  in  1812,  "  began  to  manufacture  sheet  iron  thirty  years 
ago  in  what  had  been  a  nail-plate  works.  At  that  time  only 
Townaend  in  New  Jersey  made  sheet  iron."  Marshall's  roll- 
ing mill,  on  Red  Clay  creek,  two  miles  west  of  Newport,  was 
built  in  1836  by  Caleb  and  John  Marshall,  to  roll  sheet  iron. 
The  Wilmington  rolling  mill,  near  Wilmington,  was  built  in 
1845,  and  the  Diamond  State  rolling  mill,  at  Wilmington,  was 
built  in  1853.  These  were  the  only  rolling  mills  existing  in 
Delaware  in  1859.  Others  have  since  been  built.  The  busi- 
ness of  iron  shipbuilding  has  been  added  to  the  iron  indus- 
try of  Delaware  within  the  last  few  years.  There  is  now 
neither  a  blast  furnace  nor  a  forge  nor  a  bloomary  remain- 
ing in  the  State. 
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CHAI'TER  XXII. 


EARLY   IRON   ENTERPRISES  IN   MARYLAND. 


In  his  Report  on  the  Manufacture  of  Iron,  addressed  to  the 
Governor  of  Maryland  in  1840,  Alexander  gives  1715  as  the 
"  epoch  oi  furnaces  in  Marj'Iand,  Virginia,  and  Pennsylvania." 
Thia  statement  is  not  strictly  accurate  except  in  regard  to 
Virginia.  Pennsylvania's  first  furnace  was  not  built  until 
about  1720  ;  certainly  not  before  that  year.  Maryland  had  no 
iron  enterprises  but  a  bloomary  or  two  until  1724,  when  its 
first  furnace  was  built.  Scrivenor  says  that  in  1718  "  Mary- 
land and  Virginia  "  exported  to  England  3  tons  and  7  cwt. 
of  bar  iron,  upon  which  the  mother  country  collected  a  duty 
of  i£6  19s.  Id.  This  bar  iron  could  only  have  been  made 
in  Maryland,  as  Virginia  had  no  forges  at  this  time. 

In  1719  the  general  assembly  of  Maryland  passed  an  act 
"  authorizing  100  acres  of  land  to  be  laid  off  to  any  who 
would  set  up  furnaces  and  forges  in  the  province."  t)ther 
inducements  were  offered  in  1721  and  subsequently  to  those 
who  would  engage  in  the  manufacture  of  iron.  The  pre- 
amble to  the  act  of  1719  recitfe  that  "  there  are  very  great 
conveniences  of  carrying  on  iron  works  within  this  province, 
which  have  not  hitherto  been  embraced  for  want  of  proper 
encouragement  to  some  fret  undertakers,"  whicli  clearly  im- 
plies that  iron  enterprises  had  already  been  undertaken  in 
Maryland  but  were  not  then  in  operation.  As  a  result  of 
the  encouragement  given  by  the  general  assembly  authentic 
reports  show  that  in  1749  and  again  in  1756  there  were  eight 
furnaces  and  nine  forges  in  Maryland,  and  that  on  the  21st 
of  December,  1761,  there  were  eight  furnaces,  making  about 
2,500  tons  of  pig  iron  annually,  and  ten  forges,  capable  of 
making  about  GOO  tons  of  bar  iron  annually.  During  the 
colonial  period  Maryland  had  no  manufacturing  industry 
worthy  of  the  name  except  that  of  iron.  Tobacco-growing 
and  wheat-growing  formed  the  principal  employments  of  the 
people. 

The  first  iron  works  in  Maryland  were  probably  erected 
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in  Cecil  county,  at  the  head  of  Chesapeake  hay.  We  sup- 
pose that  a  bloomary  at  North  East,  on  North  East  river, 
erected  previou8  to  1716,  formed  the  pioneer  iron  enterprise. 
That  iron  works  were  built  at  Korth  East  jirior  to  1716  is 
proved  by  a  deed  dated  in  that  year,  in  which  Robert  Button 
conveyed  a  flour  mill  near  the  "bottom  of  the  main  falls  of 
North  East,"  and  also  fifty  acres  of  land,  to  Richard  Bennett 
for  XlOO  in  silver  money.  In  this  deed  "iron  works"  are 
mentioned  as  among  tlie  appurtenances  which  were  convey- 
ed by  it.  We  iiuote  from  Johnston's  Hislory  of  Cecil  County. 
These  works  could  have  embraced  only  a  bloomary,  as  there 
was  not  at  this  time  a  blast  furnace,  to  supply  a  forge  with 
pig  iron,  in  either  Maryland  or  Pennsylvania,  and  the  first 
blast  furnace  in  Virginia  had  just  been  built.  The  works 
were  probably  not  then  active. 

Johnston  says  that  in  1722  Stephen  Onion  &.  Co.  leased 
two  tracts  of  land,  called  Vulcan's  Rest  and  Vulcan's  Trial, 
the  first  of  which  joined  Button's  mill-dam  on  the  south, 
and  also  another  tract  in  Susquehanna  Manor  called  Biffi- 
dence,  lying  on  the  north  side  of  the  North  East  river. 

About  the  time  of  the  passage  of  the  act  of  1719,  above 
alluded  to,  Joseph  Farmer,  an  ironmaster,  of  England,  came 
to  Maryland  in  behalf  of  himself  and  other  adventurers  in 
the  manufacture  of  iron.  Whether  he  was  interesteil  in  the 
works  at  North  East  or  not  can  not  now  be  learned.  In  1722 
Mr.  Farmer  and  his  associates,  afterwards  known  as  the 
Principio  Company,  commenced  the  erection  of  a  furnace  on 
Talbot's  manor,  in  Cecil  county,  near  the  mouth  of  Principio 
creek,  which  empties  into  Chesapeake  bay  about  six  miles 
distant  from  the  town  of  North  East,  Johnston  says  that  Mr. 
Farmer's  associates  at  this  time  embraced  Stephen  Onion, 
Joshua  Gee,  William  Russell,  and  John  Ruston.  He  thinks 
that  the  North  East  company,  known  as  Stephen  Onion  & 
Co.,  was  consolidated  with  the  Principio  Company.  The  lat- 
ter company  was  at  first  styled  Joseph  Farmer  &.  Co,  Af- 
ter having  made  some  progress  in  the  erection  of  the  fur- 
nace Farmer  returned  to  England,  probably  early  in  1722, 
leaving  the  enterprise  in  charge  of  Stephen  Onion  as  gen- 
eral manager.  A  son  of  Joshua  Gee  and  Thomas  Russell, 
a  son  of  William  Russell,  were  at  Principio  at  this  time. 


At  tlie  beginning  of  1723  the  Prineipio  Company 
composed  of  William  Chetwynd,  of  Griudon,  in  Warwickshire, 
a  gentleman  of  wealth  and  position ;  Joshua  Gee,  a  merchant 
of  London ;  William  Russell,  an  ironmaster  of  Birmingham ; 
John  England,  an  ironmaster  of  Staffordshire ;  John  Ruston, 
and  Joseph  Farmer.  It  is  very  clear  that  tlie  company  had 
been  enlarged,  as  the  result  of  glowing  representations  made 
by  Fanner.  Several  of  the  members,  including  Joshua  Gee 
and  John  England,  were  members  of  the  Society  of  Frienda, 
William  Chetwynd  was  tlie  leading  capitalist  of  the  company. 
Walter  Chetwynd  also  became  a  member  as  early  s 
In  consequence  of  the  mismanagement  of  Stephen  Onion  it 
was  at  this  time  decided  to  put  John  England,  wlio  resided 
at  or  near  Tamworth,  in  immediate  charge  of  the  Principi 
enterprise,  with  entire  control  of  the  company's  operations  in 
America.  Accordingly,  in  April,  1723,  John  England  and  his 
wife  sailed  from  Bristol  for  Philadelphia,  which  place  they 
reached  after  a  passage  of  seven  weeks  and  one  day.  A  few 
days  afterwards  they  arrived  at  Prineipio. 

On  June  25th  of  the  same  year  Mr.  England  wrote  to  Mr. 
Farmer  a  long  letter  of  complaint  concerning  the  condition 
in  which  he  found  the  affairs  of  the  company  at  Prineipio. 
He  says :  "  When  I  came  I  found  I  think  everything  contra- 
ry to  my  expectations  on  thy  information;  for  as  to  y*  fur- 
nace, which,  according  to  thy  information  when  at  London, 
was  very  near  ready  to  blow,  is  but  18  inches  above  y"  second 
couplings,  and  y*  inner  wall  is  but  6  feet  high.  .  .  Neither 
did  I  think  thee  wouldest  have  been  guilty  of  ordering  a  fur- 
nace to  have  been  built  until  thee  hadst  been  sure  of  mlne^ 
that  which  was  good  and  enough  of  it  for  perpetuity;  for  I' 
have  been  at  Patapsco,  Bush  river,  and  North  East,  and 
all  y'  mine  along  shore  in  every  place,  and  can  not  find  any- 
more than  will  serve  for  one  blast,  if  that.  .  .  And  when  li 
treated  with  thee  I  feared  interest  was  in  y"  bottom,  which 
now  I  find  true.  .  .  As  to  stock  of  both  cole  and  mine,  there 
may  be  about  two  months'  stock  in  of  both  cole  and  mine, 
and  when  there  will  be  a  stock  for  a  blast  I  can  not  tell,  cole 
lying  three  miles  from  y'  furnace  and  stone  at  such  a  dis- 
tance. .  .  You  may  assure  yourselves  here  hath  been  and  is 
such  ruin  as  I  never  saw."    The  letter  dwelt  at  lengtli  apoa 
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the  unliealthiness  of  Principio.  It  may  here  be  stated  that 
his  wife  died  in  this  year  and  that  he  was  himself  seized 
with  a  severe  iUness.  The  letter  further  dwelt  upon  the  in- 
efficiency, drunkenness,  and  mutinous  temper  of  the  work- 
men, many  of  whom  appear  to  have  been  convicts  from  Eng- 
land, while  others  were  "  redemptioners  "  from  various  Euro- 
pean countries.  Aft«r.  stating  tliat  his  disgust  was  at  first  so 
great  that  he  had  thought  of  immediately  returning  to  Eng- 
land he  adds:  "  I  concluded  to  stay  and  set  up  a  little  forge 
to  try  y"  iron  if  ever  y*  furnace  runs  any  mettle."  This  let- 
ter was  'intended  to  be  seen  by  other  members  of  the  com- 
pany, to  some  of  whom  similar  letters  were  written  on  the 
same  day. 

Subsequent  letters  from  John  England  to  various  members 
of  the  company  are  largely  devoted  to  the  narration  of  other 
difficulties  with  which  he  had  to  contend,  chief  of  which  was 
the  financial  and  other  demoralization  produced  by  the  mis- 
management of  the  company's  affairs  by  Stephen  Onion.  At 
the  close  of  the  year  Onion,  who  had  been  retained  as  clerk, 
was  dismissed,  and  after  that  event  Mr,  Englimd  appears  to 
have  had  less  trouble. 

Stephen  Onion  had  made  false  representations  in  1722  of 
the  progress  that  had  been  made  iu  building  the  furnace.  On 
the  11th  of  August  of  that  year  he  wrote  to  the  company 
as  follows:  "  We  hope  we  shall  finish  the  stack  of  the  fur- 
nace, casting-house,  and  bridge  ditto  in  a  month  more.  The 
collyers  are  at  work,  and  hope  to  have  in  by  Christmas  400 
load  of  cole."  Of  the  actual  progress  made  in  building  the 
furnace  down  to  John  England's  arrival  in  1723  we  have 
already  been  informed  in  that  gentleman's  letters.  In  1724 
Steplien  Onion  and  Thomas  Russell  sailed  from  New  Castle 
for  Great  Britain  in  the  same  ship  with  Benjamin  Franklin,  ■ 
who  says  in  his  autobiography  that  they  were  "masters  of 
an  iron  work  in  Maryland  "  and  had  engaged  "  the  great  cab- 
in." Franklin  would  not,  of  course,  receive  from  Mr.  Onion 
a  true  account  of  the  situation  at  Principio. 

The  hopeful  temj^r  and  the  wise  determination  of  the 
Principio  Company  after  the  true  situation  of  its  affairs  had 
been  explained  by  Mr.  England  are  seen  in  the  following 
extracts  from   a  letter  to  him  from  the  companj',  dated  at 
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Birmingham,  September  25,  1723 :  "  We  must  tell  you  it  is 
greatly  to  our  satisfaction  that  we  Jiave  you  upon  the  place, 
in  whom  we  oan  entirely  depend  that  you  will  use  your 
utmost  care  in  regulating  these  disorders  and  in  bringing 
those  refractory  workmen  to  better  discipline.  .  .  We  hope 
mine  cannot  be  wanting  in  the  several  rivers.  Joseph  Farm- 
er says  that  upon  tryal  of  the  gritty  mine  in  several  places 
he  found  by  the  loadstone  as  much  iron  in  it  as  there  is 
in  most  of  the  mines  that  are  worked  in  England,  and  hope 
you  will  experience  it  to  be  so,  and  y'  when  it  is  mixed 
with  a  tougher  mine  will  make  a  good  sort  of  pigg^  for  the 
English  market.  We  are  also  pleased  with  your  resolution 
to  build  a  small  forge  to  try  the  piggs.  Our  resolution  is 
steady  for  carrying  on  our  works,  for  we  tliink  it  would  be 
too  great  a  reflection  upon  our  conduct  to  quit  a  bus 
of  this  nature  till  we  have  try'd  fully  what  may  be  dona 
.  .  We  give  you  full  power  in  everything  that  relates  to 
our  concern  under  your  care,  to  manage,  direct,  and  put 
them  forward  in  such  manner  as  you  shall  judge  for  the 
interest  of  the  company." 

On  September  12,  1723,  John  England  wrot«  to  Joshua 
Gee  as  follows  :  "  I  have  been  at  a  bloomary  with  some  of  ouT- 
mine,  and  it  maketh  very  good  iron,  and  iron  taketh  a  very 
good  price  here,  i40  per  ton,  and  hath  done  for  several  years 
past."  Where  this  bloomary  was  located  we  can  not  discover, 
nor  by  whom  it  was  omied,  but  it  can  easily  be  conjectured 
that  it  was  at  Nortli  East,  wliere  there  were  "  iron  works 
early  as  1716,  as  has  already  been  stated. 

On  January  13,  1724,  Mr.  Eugland  wrote  to  Joshua  Gee 
tliat  he  was  "going  on  with  y'  forge  dam  and  race  to  bring 
water  to  y*  forge."    In  the  same  month  he  wrote  to  Joseph 
.  Farmer  concerning  the  bellows  for  the  chafery  and  finery,' 
which  he  desired  to  have  made  in  England.    On  the  2d 
April,  1724,  he  wrote  to  Joshua  Gee  that  he  had  heard 
"mine"  near  Annapolis,  which  he  was  going  to  see.     In  th< 
same  month  he  wrote  to  William   Russell  that  "y*  fumi 
might  have  blowed  some  time   since,  but  did   not  think  i\ 
proper  so  to  do  without  a  better  stock  of  cole  and  mine  upon 
y*  bank ; "  also  that  the  company's  sloop  was  then  employed' 
"  in  fetching  shells  to  burn  for  lime  to  build  a  great  stone 


245 


wall  for  J-*  fore  bay  of  y*  forge,"  and  that  other  preparations 
for  buildiug  the  forge  and  its  accessories  were  then  in  active 
progress.  In  both  letters  the  hope  was  expressed  that  there 
would  soon  be  a  sufficient  supply  of  cliarcoal  to  keep  the 
furnace  in  blast  for  some  time,  "if  we  can  but  get  mine." 
Mr.  England  was  continually  apprehensive  of  a  scarcity  of 
iron  ore  of  good  quality,  which  be  had  not  found  in  abun- 
dance in  the  neighborhood  of  the  furnace,  but  for  which  he 
Bought  diligently  in  other  places. 

We  do  not  again  hear  of  the  Principle  works  until  Sep- 
tember 15,  1725,  when  William  and  Walter  Chetwynd,  John 
Wightwick,  William  Russell,  and  Thomas  Russell  write  to 
Mr.  England  from  Grindon  a  long  and  a  very  important 
letter,  conveying  to  him  "  full  and  absolute  power  over  all 
persons  employed  in  America  in  our  service,"  and  also  "full 
power  to  act  in  all  things  with  y'  authority  as  we  ourselves 
were  we  on  y*  spot."  This  fresh  expression  of  confidence 
and  fresh  grant  of  authority  had  a  special  object  in  view,  as 
we  shall  presently  see,  but  we  are  now  interested  in  learning 
from  this  letter  that  "our  furnace  and  forge  in  Maryland" 
were  finished  when  it  was  written.  We  presume  that  the  fur- 
nace was  put  in  blast  in  1724  and  that  the  forge  was  started 
in  1725.  The  letter  says :  "  We  hear  you  have  a  good  stock 
of  pigs  on  }"•  bank,  therefore  desire  you  not  to  fail  sending  us 
by  y*  first  shipping  what  pigs  you  can  spare  over  and  above 
what  can  be  worked  up  at  y*  forge  till  y*  furnace  goes  again, 
which  we  hope  may  be  between  3  and  400  tons;  for  tho  y" 
forge  should  be  worked  double  hand,  which  we  intend  it 
shall,  it  will  hardly  work  up  above  8  tons  of  pigs  per  week, 
and  to  have  y"  overplus  of  y*  piga  lying  dc^d  will  be  great 
loss  to  y'  company."  This  extract  would  seem  to  indicate 
that  the  furnace  had  finished  its  first  blast  and  was  then  idle. 
It  was  certainly  in  blast  as  early  as  May  9,  1725,  on  whicli 
date  Joseph  Growdon,  of  Bensalem,  on  Neshaminy  creek, 
in  the  extreme  southern  corner  of  Bucks  county,  Pennsyl- 
vania, ordered  a  "hammer,  anvil,  and  other  iron  work  nec- 
essary for  one  single  bloomary"  to  be  cast  at  the  furnace, 
Mr.  Growdon  having  found  iron  ore  on  his  land.  (We  can  not 
learn  that  Mr.  Growdon'a  bloomary  was  ever  built.)  Eefer- 
eni'e  is  made  in  the  letter  from  the  company  to  "two  finers 
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and  hamniennen  "  who  had  been  sent  to  work  at  the  forg^  ] 
and  otliers  were  promised  "  in  a  short  time."    Mr.  England  is 
advised  to  "  sell  all  y'  iron  you  make  at  y*  forge  at  Principio  " 
in  American  markets  instead  of  sending  it  to  England  to  he 
sold.     Stephen  Onion  appears  to  have  had  sufficient  address 
to  secure  from  the  company  his  partial  restoration  to  favor, 
as  the  letter  advises  Mr.  England  that  he  had  been  appoint-  J 
ed  clerk  of  the  furnace  and  forge,  but  subject  wholly  to  Mr, 
England's  authority,  who  is  expressly  told  that  he  can  dis-  I 
charge  him  if  he  does  not  give,  satisfaction. 

It  will  be  observed  from  the  names  of  the  signers  of  the  J 
above   letter   that   the  personnel  of   the   Principio  Company  j 
had  undergone  some  changes.     In  a  letter  from  William  Cbet- 
wynd  to  John  England,  dated  September  19th,  he  refers  to  ' 
the  signers  of  tlie  above  letter  as  "  all  y"  company  except 
Mr.  Gee,"  who  was  not  wanted  but  could  not  be  shaken  off. 
The  names  of  John  Ruston  and  Joseph  Farmer  do  not  ap- 
pear, thus  indicating  that  they  were  no  longer  members  of 
the  company.     In  subsequent  years  other  names  are  added. 

We   now   come   to   consider  the   particular  object  which 
the  company  had  in  view  in  writing  the  letter  of  the  15th  of 
September  to  Mr.  England.     It  appears  tliat  this  gentleman 
in  his  search  for  iron  ore  had  found  valuable  deposits  on  the  i 
land  of  Captain  Augustine  Wasliington,  on  the  north  aide  of  ] 
the  Rjippahannock  river,  in  Virginia.     This  Captain  Wash- 
ington was  the  father  of  George- Washington.     Mr.  England  \ 
bad  been  so  favorably  impressed  with  the  value  of  the  ore  J 
on  Captain  Washington's  land,  and  with  the  other  advantages  I 
which  the  location  offered  for  the  manufacture  of  iron,  that  I 
he  had  contracted  with  that  gentleman  in  the  name  of  the  I 
company  to  erect  a  furnace  upon  his  land,  Captain  Washing- 
ton to  have  an  interest  in  its  ownership.    The  company  be-  I 
ing  informed  of  tliis  new  venture  was  so  well  satisfied  that  1 
all  its  members  except  Joshua  Gee  united  in  writing  to  Mr.  I 
England  the  letter  of  September  lotli  already  referred  to.    Ul 
began  :  "  We  that  sign  are  met  together  at  Grindon,  and  1 
give  you  hereby  full  power  to  build  iron  works  on  Captain' 1 
Washington's  land  on  y'  terms  you  have  agreed  with  him,  I 
and  to  use  your  own  judgment  and  discretion  in  all  things  I 
relating  thereto."     They  added  that  they  thought  the  loca?"  I 
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tion  of  the  proposed  new  iron  works  was  "  exceedingly  well 
chosen,"  and  further  said:  "You  will  try  y*  Captain's  mine 
in  y*  furnace  and  forge  as  soon  as  you  can."  In  this  letter 
the  company  also  approvetl  of  Mr.  England's  selection  of 
Ralph  Falkner  "  to  be  clerk  of  y"  Virginia  furnace,"  and  au- 
thorized him  to  "buy  what  negroes  you  think  fit  and  draw 
for  y'  money."  The  letter  of  the  15th  of  September  made  a 
division  of  the  shares  of  ownership  in  the  new  venture. 

Mr.  England  at  once  proceeded  with  the  erection  of  a  fur- 
nace on  Captain  Washington's  land.  This  was  Accokeek  fur- 
nace, about  which  we  shall  have  something  further  to  say 
in  a  later  chapter  devoto<l  to  Virginia.  It  was  long  known 
as  "England's  iron  works."  The  clerk  at  Accokeek  furnace 
when  it  was  built  was  Ralph  Falkner,  but  as  early  as  1730 
Nathaniel  Chapman  was  the  clerk.  Johnston  has  fallen  into 
an  error  in  his  History  of  Cecil  County  where  he  says:  "At 
wliat  time  the  Washingtons  first  became  connected  with  the 
company  is  uncertain,  but  it  was  probably  in  1733."  It  was 
as  early  as  17*2o.  Accokeek  furnace  was  probably  put  in 
blast  in  172*5. 

On  September  19,  1725,  William  Chetwynd  wrote  to  Mr. 
England  as  follows:  "We  hope  very  soon  to  send  you  over 
workmen  sufficient  to  work  j-°  forge  double  hand  and  also 
a  couple  of  castors.  You  have  full  power  to  buy  at  any  lime 
40  or  50  blacks,  or  what  number  you  think  proper,  and  draw 
for  y"  money.  I  am  of  opinion  it  would  be  proper  to  secure 
more  land  near  Captain  Washington's  mine,  because  if  y' 
mine  is  so  considerable  a  one  as  you  mention  it  must  answer 
very  well  to  have  two  furnaces  there." 

In  various  letters  from  the  company  to  Mr.  England  he 
is  advised  to  send  pig  iron  freely  to  England  but  to  sell  his 
bar  iron  in  America. 

In  1730  John  England  was  still  in  charge  of  all  the  com- 
pany's iron  enterprises  in  this  country,  including  an  aban- 
doned project  on  James  river  which  had  not  been  given  tan- 
gible shape.  Stephen  Onion  was  still  the  clerk  at  Principio, 
but  the  company  was  annoyed  at  his  failure  to  settle  his  ac- 
counts. The  Principio  furnace  and  forge  and  tlie  Accokeek 
furnace  were  in  operation  in  this  year.  At  this  time  we  hear 
notiiing  of  a  forge  at  North  East. 
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Prior  to  1730  Mr.  England  bought  conditionally  from  Sir 
William  Keith,  as  has  been  stated  in  the  Delaware  chapter, 
"  sundry  lands  and  tenements  in  New  Castle  county,  on  Del- 
laware,  upon  which  lauds  there  was  a  small  iron  fforge  and 
supposed  to  be  a  great  quantity  of  iron  ore."  It  was  his  iu- 
tention  to  erect  upon  this  land  "  works  for  carrying  on  the 
making  of  pigg  and  barr  iron  if  a  sufficient  quantity  of  iron 
ore  or  mine  could  be  found  on  y*  land,"  This  project  was 
abandoned,  and  we  hear  no  more  of  his  connection  with  the 
iron  business  in  Delaware.  In  1726  Mr,  England  had  purchas- 
ed for  himself  an  estate  on  White  Clay  creek,  in  New  Castle 
county.  He  passed  the  last  years  of  hia  life  on  this  estate 
and  at  Snowdens'  iron  works  on  tlie  Patuxent  river,  in  Mary- 
land, in  which  he  had  an  interest.     He  died  in  1734. 

John  England  was  one  of  the  most  intelligent,  enterpris- 
ing,  and  successful  of  early  American  ironmasters.  He  un- 
doubtedly built  the  tirst  furnace  and  tlie  first  forge  in  Mary- 
land. The  various  works  of  the  Principio  Company,  of  which 
he  was  so  efficient  a  manager,  were  in  the  front  rank  of  our 
colonial  iron  enterprises  for  fifty  years.  They  were  foremost 
in  the  production  of  pig  iron  and  possibly  of  bar  iron. 

For  the  facta  contained  in  the  foregoing  very  full  and 
absolutely  accurate  history  of  the  commencement  of  the 
Principio  iron  works  we  are  wholly  indebted  to  the  courtesy 
of  James  B.  England,  Esq.,  of  Philadelphia,  a  descendant  of 
Joseph  England,  (a  brother  of  John  England,)  who  placed  iu 
our  hands  the  original  correspondence  between  John  Eng- 
land and  the  Principio  Company.  This  correspondence  is 
now  in  the  library  of  the  Maryland  Historical  Society,  at 
Baltimore. 

We  are  unable  to  glean  any  further  particulars  about  the 
first  works  at  North  East  than  have  already  been  given,  but 
in  an  inventory  of  the  possessions  of  the  Principio  Company 
in  May,  1723,  there  is  an  entry  which  probably  refers  to  these 
works.  This  entry  credits  the  company  with  the  purchase,  on 
July  9, 1722,  of  383  acres  of  land  "in  Lord  Baltimore's  Man- 
ner of  North  East,  called  Vulcan's  Tryal,  Vulcan's  Enlarge- 
ment, and  Diffidence."  This  purchase  may  have  embraced 
the  North  East  "iron  works,"  upon  the  site  of  which,  at  the 
"  bottom  of  the  main  falls  of  North  East,"  the  company  sub- 
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sequently  erected  a  new  forge,  probably  about  1735.  It  was 
in  operation  and  briskly  employed  in  1743.  The  first  entry 
in  the  inventory  mentions  the  purchase  on  October  14, 1721, 
of  8,110  acres  of  land  called  Gee  Faruson,  near  Nortli  East. 
It  is  exceedingly  probable  that  Joseph  Fanner  and  his  as- 
sociates* made  investments  at  North  East  preliminary  to  the 
manufacture  of  iron  at  that  place  before  they  decided  to 
build  the  furnace  at  Principio. 

In  Emanuel  Swedenborg's  De  Ferro,  published  in  1734, 
we  find  at  the  beginning  of  an  account  of  iron  works  "  iji 
Maryland  and  Pennsylvania  in  tlie  West  Indies"  the  follow- 
ing reference  to  the  Principio  works :  "  There  are  several  fur- 
naces for  the  smelting  of  iron  ore,  as  well  as  works  for  the 
smelting  of  raw  iron,  not  so  very  long  since  built.  The 
principal  work  is  called  Principio,  in  the  upper  part  of  the 
province  of  Maryland,  upon  the  river  called  Principio,  from 
which  it  also  derives  its  name ;  its  water  is  said  to  fall  from 
a  height  of  25  feet.  At  this  iron  work  little  two-oared  boats 
and  little  ships  land  laden  with  iron  ore,  which  is  dug  50 
miles  from  there.  The  ore  is  said  to  be  of  a  white  or  gray 
color,  not  unlike  the  vases  of  Holland  pottery,  containing  50 
per  cent,  of  iron.  The  iron  from  this  ore  is  said  to  carry  off 
the  palm  from  tlie  rest." 

Alexander  says  that  a  part  of  the  hearth  of  the  original 
Principio  furnace  was  still  standing  in  1840,  when  his  report 
was  written.  The  same  excellent  authority  says  that  on  Feb- 
ruary 5,  1734,  (old  style,)  in  pursuance  of  the  act  of  1719, 
already  referred  to,  a  precept  for  100  acres  of  land  on  Nortli 
East  river,  forming  part  of  North  East  manor,  was  issued  to 
John  Euston,  who  had  been  one  of  the  members  of  the  Prin- 
cipio Company;  and  he  further  says  tliat  on  August  31, 1736. 
this  tract  was  assigned  to  William  Chetwynd,  of  Beddington, 
in  Surrey,  England,  who  was  probably  William  Chetwynd,  of 
Grindon.  It  was  about  this  time  that  the  company  built 
its  forge  at  North  East.  Alexander  says  that  this  forge  was 
in  his  day  "commonly  called  Russell's  forge,"  reference  being 
made  to  the  last  Rus.sell  who  was  coimected  witli  it. 

In  1744  William  Black,  secretary  of  the  commissioners 
who  were  appointed  by  Governor  Gooch,  of  Virginia,  to  unite 
with  those  from  Pennsylvania  and  Maryland  to  treat  with  the 
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Iroquois,  or  Six  Nations  of  Indians,  in  reference  to  the  lands  1 
west  of  the  Alleghenies,  wrote  in  his  journal,  on  May  25th, 
while  at  North  East,  in  Maryland :  "  I  must  not  forgot  that 
in  the  forenoone  the  Com'rs  and  their  company  went  to  the 
Principio  iron  works,  in  order  to  view  the  curiosities  of  that 
place.  They  are  under  the  management  of  Mr.  Baxter,  a 
Virginian,  and  was  at  work  forming  barr-iron  when  we  came 
there.  For  my  part  I  was  no  judge  of  the  workmanship,  but 
I  thought  everything  appeared  to  be  in  very  good  order,  and 
they  are  allowed  to  be  as  compleat  works  as  any  on  the  con- 
tinent by  those  who  are  judges."  The  furnace  and  forge  at 
Principio  were  botli  in  operation  in  that  year,  the  manager 
of  which  at  this  time  was  William  Baxter,  but  the  visit  of 
the  commissioners  may  have  been  to  the  forge  at  North  East, 

We  obtain  additional  information  concerning  the  famous 
Principio  Company  from  a  valuable  historical  essay  prepar- 
ed a  few  years  ago  by  Mr.  Henry  Whiteley,  of  Philadelphia. 

Ore  for  Principio  furnace  was  at  first  obtained  in  the 
immediate  neighborhood,  but  as  early  as  September  4,  1724, 
it  was  obtained  from  Gorsuch's  Point,  below  Canton,  on  the 
eastern  shore  of  the  Patapsco,  about  opposite  to  Fort  Mc- 
Henry,  In  1727  the  Principio  Company,  through  John  Eng- 
land, purchased  all  the  iron  ore,  "opened  and  discovered,  or 
shut  and  not  yet  discovered,"  on  Whetstone  Point,  at  the  ex- 
tremity of  which  Fort  McHenry  now  stands,  for  £300  sterling 
and  £20  current"  money  of  Maryland.  This  was  for  many 
years  one  of  its  principal  sources  of  ore  supply.  Iron  ore  has" ' 
been  taken  from  Whetstone  Point  in  recent  years. 

Kingsbury  furnace  was  the  next  furnace  of  the  company 
after  Accokeek.  It  was  situated  on  Herring  run,  at  the  head 
of  Back  river,  in  Baltimore  county.  It  was  built  in  1744  and  , 
went  into  blast  in  April,  1745,  producing  at  the  first  blast, 
which  lasted  till  December  18th  of  the  same  year,  480  tons  of  ' 
pig  iron.  The  first  four  blasts  embraced  the  period  extend- 
ing from  April  1,  1745,  to  December  26,  1751,  and  produced 
3,853  tons,  or  an  average  of  75  tons  per  working  month.  More 
than  3,300  tons  of  the  iron  were  shipped  to  the  company  in 
England.  In  1751  Lancashire  furnace  was  purchased  from 
Dr,  Charles  Carroll,  of  Annapolis.  It  was  located  near  Kings- 
bury, on  the  west  side  of  a  branch  of  Back  river,  a  few  miles 
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northeast  of  Bultimore.  The  deed  embracetl  8,200  acres  of 
land,  and  was  "signed"  on  behalf  of  the  company  by  Law- 
rence Washington,  who  had  succeeded  to  the  interest  of  his 
father.  Captain  Washington.  Lawrence  was  a  lialf-brother  of 
George  Washington.  Lancashire  furnace  was  oi>erated  by  the 
company  from  the  time  of  its  purchase  until  the  Revolution. 
It  was  its  last  acquisition  of  property  in  America.  At  the 
time  of  its  purchase  the  company  outranked  all  competitors, 
being  the  sole  proprietor  of  four  furnaces  and  two  forges,  viz. : 
Principio  furnace,  Cecil  county,  Maryland,  tinished  in  1724 ; 
Principio  forge,  at  the  same  place  ;  North  East  forge,  Cecil 
county,  Maryland,  built  about  1735;  Accokeek  furnace.Virgin- 
ia,  built  in  1726;  Kingsbury  furnace,  Baltimore  county,  Mary- 
land, built  in  1744 ;  Lancashire  furnace,  Baltimore  county, 
Maryland,  purchased  in  1751.  The  company  owned  slaves 
and  live  stock  in  abundance,  and  its  landed  estates  were  of 
great  extent,  amounting  to  nearly  thirty  thousand  acres,  ex- 
clusive of  the  Accokeek  lauds  in  Virginia.  One-half  of  the 
pig  iron  exported  to  Great  Britain  from  this  country  before 
the  Revolution  is  said  by  Mr.  Whiteley  to  have  come  from 
the  furnaces  of  this  company. 

After  1776  the  company  had  no  actual  control  over  any 
of  its  American  property.  Thomas  Russell,  who  had  been 
the  company's  general  manager,  continued  to  operate  tlie  fur- 
naces and  forges,  and  supplied  bar  iron  and  cannon  balls  in 
large  quantities  to  the  Continental  array.  In  the  Lancashire 
furnace  ledger  ia  an  "  account  of  shott  made  at  Lancashire 
furnace  in  the  year  1776." 

In  1780  the  general  assembly  of  Maryland  passed  an  act 
to  seize  and  confiacate  all  British  property  within  the  State, 
and  this  was  the  formal  end  of  the  Principio  Company,  after 
an  existence  of  nearly  sixty  years.  All  the  profjerty  of  the 
company,  with  two  exceptions,  now  passed  under  the  auction- 
eer's liammer  and  into  new  hands.  The  works  at  North  East 
were  retained  by  Thomas  Russell,  one  of  the  company  and 
a  son  of  the  first  Thomas  Rusaell,  who  had  cast  his  fortunes 
with  the  patriotic  cause.  "A  certain  Mr.  Washington  "  owned 
a  one-twelfth  interest  in  the  possessions  of  the  company,  and 
was  also  an  adherent  of  the  patriotic  cause.  This  "  Mr, 
Washington"  was  probably  one  of   the  brothers   of  George 
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Washington;  he  was  certainly  a  relative.    What  action  was  ■ 
taken  by  Virginia  concerning  the  possessions  of  the  com- 
pany in  that  State  we  are  not  advised,  but  Mr.  Washington's 
interest  in  them  and  in  the  company's  Maryland  possessions 
could  not  be  confiscated. 

Thomas  Russell,  at  his  death  in  1786,  left  a  son  Thomas, 
the  third  of  the  name.  On  hia  arrival  at  the  age  of  twenty- 
one,  his  mother  having  previously  married  Daniel  Sheredine,  i 
he  revived  the  iron  industry  at  North  East  with  the  aid  of 
Sheredine,  and  in  1802  hnilt  a  furnace,  which  was  in  opei-a- 
tion  only  four  years.  Not  proving  as  profitable  as  had  been 
anticipated  it  was  blown  out  on  the  death  of  young  Thomas 
Russell,  which  occurred  in  1806.  Thenceforward  the  various 
iron  works  at  North  East  met  with  many  vicissitudes  until 
they  fell  into  the  hands  of  the  present  enterprising  owners. 

Iron  works  have  been  almost  continuously  in  operation  at 
Principio  and  Nortli  East  since  their  first  establishment,  or 
for  about  one  hundred  and  seventy  years.  At  Principio  Mr. 
George  P.  Wbitaker  and  his  associates  have  had  a  charcoal 
furnace  in  operation  since  1837  near  the  site  of  the  first 
Principio  furnace;  and  at  North  East,  on  the  very  site  of  the 
forge  built  by  the  Principio  Company  about  1735,  are  the 
present  extensive  iron  works  of  the  McCullough  Iron  Com- 
pany, including  probably  the  largest  forge  in  the  United  ■ 
States  for  the  production  of  blooms  from  pig  iron. 

Pig  iron  from  early  Virginia  furnaces  near  tidewater  was 
taken  to  Principio  forge,  and  also  to  the  forge  at  North  East, 
to  be  refined  into  bar  iron. 

About  forty  years  ago  a  whole  pig  of  iron  was  found  near 
the  site  of  the  first  Principio  furnace,  which  was  plainly  ( 
stamped  "Principio,  1727."  Over  twenty  years  ago  several 
pigs  of  iron,  marked  "Principio  *  1751,"  were  discovered 
in  the  bed  of  the  Patapsco  river.  The  relics  of  1751  have 
been  preserved  by  tlie  Stickney  Iron  Company, 

A  furnace  at  the  foot  of  Gwynn's  falls,  and  a  forge  call- 
ed Mount  Royal,  at  Jones's  falls,  were  built  by  the  Baltimora  j 
Company  soon  after  1723  and  before  1730— Messrs.  Carroll, 
Tasker,  and  others  forming  the  company.    This  was  the  seo- 
ond  blast  furnace  in  Maryland. 

Stephen  Onion  severed  his  connection  with  the  Principio 
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Company  and  built  a  furnace  and  two  forges  of  his  own  at 
the  head  of  Gunpowder  river,  about  a  mile  from  Joppa,  then 
one  of  the  principal  to\\Tis  of  Maryland,  but  now  wholly  de- 
serted. These  works  were  advertised  for  sale  in  1769,  after 
Stephen  Onion's  death.  The  exact  date  of  their  erection  has 
not  been  preserved. 

Bush  furnace,  in  Hartford  county,  and  Northampton  fur- 
nace, in  Baltimore  county,  were  built  about  1760,  the  latter 
by  members  of  the  Ridgely  family.  The  proprietors  of  this 
furnace  owned  a  forge  on  the  Great  Gunpowder  river,  called 
Long  Cam  forge,  which  was  probably  older  than  the  furnace. 
Bush  furnace,  located  on  Bush  creek,  was  owned  about  1767 
by  John  Lee  Webster.  On  the  Patapsco,  near  Elkridge  Land- 
ing, were  Elkridge  furnace  and  forge,  owned  by  Edward  Dor- 
sey ;  at  a  locality  not  now  known  was  York  furnace  ;  in  Anne 
Arundel  county  were  the  Ratuxent  furnace  and  forge,  owned 
by  Thomas,  Richard,  and  Edward  Snowden.  Richard  Snow- 
den  was  the  proprietor  of  "  iron  works  "  on  the  eastern  branch 
of  the  Patuxent  as  early  as  1734.  John  England,  who  died 
in  that  year,  had  an  interest  in  these  works.  There  was  an 
early  furnace  on  Stemmer's  run,  about  seven  miles  from 
Baltimore.  There  was  also  a  furnace  on  Curtis  creek,  in  Pa- 
tapsco county,  built,  by  William  Goodwin  and  Edward  Dor- 
sey,  which  remained  in  operation  until  1851.  Nottingham 
furnace,  in  Baltimore,  was  built  before  the  Revolution. 

In  1762  Robert  Evans,  Jonathan  Morris,  and  Benjamin 
Jacobs  built  Unicorn  forge  at  a  place  called  Nasby,  in  Queen 
Anne  county.  The  castings  for  the  forge  were  procured  at 
"Bush  river  furnace,"  which  appears  to  have  been  then  op- 
erated by  Isaac  Webster.  The  firm  of  Evans,  Morris  &  Ja- 
cobs was  not  long  in  existence. 

In  Frederick  county  were  several  early  iron  enterprises, 
particulars  of  which  have  been  preserved  by  Alexander.  Old 
Hampton  furnace,  on  Tom's  creek,  about  two  miles  west  of 
Emmetsburg,  was  built  between  1760  and  1765  by  persons 
whose  names  have  not  survived.  Legh  furnace  was  built 
about  the  same  time  by  an  Englishman  named  Legh  Master, 
at  the  head  of  Little  Pipe  creek,  two  or  three  miles  southwest 
of  Westminster.  Both  of  these  furnaces  were  soon  abandon- 
ed.   Catoctin  furnace,  situated  about  twelve  miles  northwest 
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of  Frederick,  was  built  in  1774  by  James  Johnson  &  Co,    It  I 
was  rebuilt  in  1787  by  the  same  company,  "about  three-  ] 
fourths  of  a  mile  further  up  Little  Hunting  creek,  and  nearw  > 
the  ore  banks."    It  was  again  rebuilt  about  1831.    This  fur- 
nace and  two  later  furnaces  of  the  same  name  were  in  blast   * 
in  1880.    The  original  Gatoctin  furnace  yielded  at  first  from 
twelve  to  eighteen  tons  of  pig  iron  weekly.    Shortly  after  its  , 
erection  the  same  owners  erected  on  Bush  creek,  about  two 
miles  above  its  mouth,  the  Bush  Creek  forge,  which  was  in  ' 
operation  until  1810,  when  it  was  abandoned.  About  the  time  I 
when  Catoctin  furnace  and  Bush  Creek  foi^e  were  built  tlie   ' 
Johnsons  built  a  rolling  and  slitting  mill  at  a  spot  known  in 
1840  as  Reel's  mill.    About  1787  they  built  Johnson  furnace 
on  a  small  strfiam  one  mile  above  the  mouth  of  the  Monoc- 
acy.     In  1793  the  various   iron  properties  belonging  to  the 
Johnsons   were   divided,  and   Jolmson  furnace  fell  to  Roger 
Johnson,  who  soon  afterwards  built  a  forge  in  connection  with 
the  furnace.     It  was  situated  on  Big  Bennett's  creek,  about 
five  miles  above  its  junction  with  the  Monocacy,  and  was  call- 
ed Bloomsburg  forge.     lis  weekly  product  was  between  four 
and  five  tons  of  finished  iron.     The  furnace  and  forge  were 
abandoned  soon  after  1800,     Fielderea  furnace,  on  the  Har- 
per's Ferry  road,  three  miles  south  of  Frederick,  was  built  by 
Fielder  Gantt  soon  after  the  Revolution,  but   after  making 
one  blast  it  was  abandoned.    This  event  occurred  before  1791. 
In  Washington  county  tliere  were  many  iron  enterprises 
at  an  early  day,  most  of  which  have  been  noted  by  Alexan- 
der.    In  1770  James  Johnson  superintended  the  erection  of 
Green  Spring  furnace,  on  Green  Spring  run,  one  mile  above 
its  entrance  into  the  Potomac.    It  was  owned  by  Mr.  Jacques 
and  Governor  Johnson.     The  neighboring  iron  ore  not  being  , 
of  good  quality  the  furnace  was  abandoned  in  a  few  years. 
James  Johnson  also  built  Licking  Creek  forge,  at  the  mouth  I 
of  Licking  creek,  for  the  same  firm.  It  was  at  first  supplied  | 
with  pig  iron  from  Green  Spring  furnace,  but  was  afterwards  j 
sold  to  "  Mr.  Chambers,  of  Chambersburg,  who  carried  it  on  I 
for  several  years  with  pig  supplied  from  his  furnace  in  Penn-  J 
sylvania."    Mount  Etna  funiace,  on  a  branch  of  Antietam  | 
creek,  five  or  six  miles  north  of  Hagerstown,  was  built  by  | 
Samuel  and  Daniel  Hughes  about  1770  and  was  in  successful  J 


IRON   IN   ALL  AGES. 


256 


operation  for  many  years.  During  tlie  Revolution  it  cast  the 
first  Maryland  cannon.  About  a  mile  and  a  half  from  the 
furnace,  and  about  four  niiles  from  Hagerstown,  the  same 
owners  built  Antietam  forge,  which  was  in  operation  after  the 
furnace  was  abandoned.  Bishop  states  that  General  Thomas 
Johnson  apd  his  brother  were  the  owners  in  May,  1777,  of  a 
furnace  at  Frederick,  but  it  was  not  then  in  blast.  Between 
1775  and  1780  Henderson  &  Koss  built  a  furnace  at  the  mouth 
of  Antietam  creek.  A  forge  was  bviilt  at  the  same  place  about 
the  same  time.  There  were  at  least  three  forges  on  Antietam 
creek  during  the  last  century.  In  1845  a  new  furnace  was 
built  on  the  site  of  the  original  Antietam  furnace,  but  it  has 
recently  been  dismantled.  A  small  rolling  mill,  with  a  nail 
factory  attached,  was  built  at  the  same  place  about  1831  and 
abandoned  about  1853. 

Bishop  says  that  a  slitting  mill  was  established  at  or  near 
Baltimore  in  1778  by  William  Whetcroft,  and  that  about  the 
same  time  two  nail  factories  were  established  in  the  city,  one 
by  George  Matthews  and  the  other  by  Richardson  Stewart. 
At  Elkridge  Landing  Dr.  Howard  owned  a  tilting  forge  in 
1783.  On  Deer  creek,  in  Harford  county,  a  forge  and  slitting 
mill  were  built  during  the  last  century.  During  the  Revolu- 
tion there  were  seventeen  or  eighteen  forges  in  operation  in 
Maryland,  in  addition  to  furnaces  and  other  iron  enterprises. 

After  the  Revolution  the  iron  manufacture  of  Maryland 
experienced  a  healthy  enlargement,  which  continued  with- 
out serious  interruption  until  in  recent  years.  One  of  tlie 
most  successful  rolling  mills  in  the  State  was  the  celebrated 
Avalon  iron  works,  on  the  Baltimore  and  Ohio  Railroad,  half 
a  mile  from  the  Relay  House,  "built  by  the  Dorseys"  about 
1795  and  in  use  down  to  about  1860.  It  first  made  nails  and 
bar  iron,  and  in  its  latter  days  large  quantities  of  both,  but 
afterwards,  as  early  as  1848,  it  also  rolled  rails.  A  rolhng  mill 
was  built  on  the  Big  Elk  river,  five  miles  north  of  Elkton, 
in  1810,  on  the  site  of  copper  works  which  had  existed  before 
the  Revolution.  It  was  active  until  about  1860,  making  sheet 
iron  chiefly.  Octorara  forge,  and  Octorara  rolling  mill,  on 
Octorara  creek,  above  its  mouth  and  a  few  miles  north  of 
Port  DejKJsit,  were  built  many  years  ago.    The  rolling  mill  Is 

1  active.     This  mill  and  another  Maryland  rolling  mill  of 
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modem  origin  are  owned  by  tho  McCulIougli  Iron  Company. 
The  once  nmnefous  forges  of  Maryland  have  gradually  given 
place  to  rolling  mills.  In  1840  several  forges  were  in  opera- 
tion ;  in  1856  two  forges  were  active ;  and  in  1891  there  were 
again  two  forges  active,  at  North  East  and  Principio. 

The  development  of  the  iron  ores  belonging  to  tlie  coal 
measures  of  tho  extreme  western  part  of  Maryland  appears 
to  have  been  undertaken  over  fifty  years  ago.  Near  the  vil- 
lage of  Friendsville,  on  Bear  creek,  a  branch  of  the  Yough- 
iogheny  river,  there  were  erected,  in  1828  and  1829,  the  Yo- 
hogany  iron  works,  consisting  of  a  furnace  and  two  forges,  to 
use  charcoal.  These  works  were  abandoned  about  1834.  In 
1837  a  furnace  fifty  feet  high  and  fourteen  and  one^balf  feet 
wide  at  the  boshes  was  built  at  Lonaconing,  eight  miles 
southwest  of  Frostburg,  by  the  George's  Creek  Coal  and  Iron 
Company,  to  use  coke.  In  "June,  1839,  it  was  making  about 
seventy  tons  of  good  foundry  iron  per  week  with  coke  as  fuel. 
Overman  claims  tliat  this  was  the  first  successful  coke  fur- 
nace in  the  United  States.  Two  large  blast  furnaces  were 
built  in  1840  by  the  Mount  Savage  Iron  Company,  nine  miles 
northwest  of  Cumberland,  also  to  use  coke.  This  enterprise 
was  also  successful.  In  1845  the  same  company  built  an  ad- 
ditional furnace,  but  it  was  never  lined.  The  Mount  Savage 
rolling  mill  was  built  in  1843,  especially  to  roll  iron  rails, 
and  in  1844  it  rolled  the  first  rails  rolled  in  this  country . 
that  were  not  strap  rails.  These  rails  were  of  the  inverted 
U  pattern  and  weighed  forty-two  pounds  to  the  yard.  Alle- 
ghany county,  Maryland,  is  thus  entitled  to  two  of  the  high- 
est honors  in  connection  with  the  American  iron  trade.  It 
built  the  first  successful  coke  furnace  and  it  rolled  the  first  , 
heavy  iron  rails.  The  furnaces  and  rolling  mill  of  tlie  Motmt 
Savage  Iron  Company  have  long  been  abandoned. 

In  1846  a  furnace  called  Lena  was  built  at  Cumberland, 
which  at  first  used   charcoal  and   afterwards   used  coke.    It  ^ 
was  not  long  in  operation. 

Alexander  mentions  a  furnace  on  the  Eastern  Shore  of  1 
Maryland,  built  in  1830  by  Mark  Richards,  about  five  miles  ] 
from  Snow  Hill,  to  use  bog  ore  yielding  only  28  per  cent,  of 
iron.     Its   annual  production   about  1834  was  700  tons.     In 
1840  the  furnace  was  owned  by  T,  A.  Spence.     It  was  called 
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Naseongo,  and  it  was  the  only  furnace  iu  the  State  which 
used  bog  ore  exclusively.  A  bloomary  which  used  bog  ore 
once  stood  near  Federalsburg,  but  it  was  abandoned  long  ago. 
The  prominence  of  Maryland  as  an  iron -producing  State 
was  relatively  much  greater  in  1870  than  in  1880.  In  the 
former  year  it  was  fifth  in  rank  but  in  the  latter  year  it  was 
only  twelfth  in  rank.  In  1890  it  was  the  eleventh  in  rank 
in  the  production  of  pig  iron,  but  its  rank  as  a  producer  of 
rolled  iron  was  still  lower.  Its  production  of  steel  in  1890 
was  very  small,  but  the  completion  in  1891  of  the  extensive 
Bessemer  steel  works  of  the  Pennsylvania  Steel  Company  at 
Sparrow's  Point  will  soon  place  the  State  in  the  front  rank 
of  all  the  ateel-producing  States,  and  the  recent  completion 
of  four  large  furnaces  by  the  same  company  will  soon  ad- 
vance its  rank  in  the  production  of  pig  iron. 

A  PUHNACE  was  built  at  Georgetown,  in  the  District  of 
Columbia,  in  1849.  It  went  out  of  blast  finally  about  1855. 
A  second  stack  was  built  at  the  same  place  but  was  never 
lined,  and  consequently  was  never  put  in  blast.  Both  of  these 
were  email  furnaces.  The  furnace  which  was  in  operation 
used  charcoal  and  was  blown  with  steam-power.  Both  en- 
terprises were  owned  by  William  A.  Bradleyj  of  Washington. 
Before  1S12  the  Uuited  States  Government  buiit  an  anchor 
forge  at  the  na\y  yard  at  Washington,  which  was  enlarged 
about  1830  and  was  afterwards  used  to  produce  anchors, 
shafts,  chains,  etc.  About  the  time  when  this  forge  was  es- 
tablished there  was  a  cannon  foundry  "about  a  mile  beyond 
Georgetown,  on  the  Potomac  river."  "A  carmon  was  cast  at 
this  foundry  of  100  lbs.  ball,  to  which  was  given  the  name 
of  Columbiad."  The  District  of  Columbia  had  no  other  iron 
enterprises  until  1878,  when  the  Government  established  a 
small  rolling  mill  at  the  navy  yard,  which  was,  however, 
abandoned  in  1887.  The  forge  is  still  in  operation,  and  con- 
nected with  it  the  Government  now  has  also  in  operation 
an  extensive  gun  factory,  which  has  been  recently  fitted  up 
with  powerful  machine  tools,  immense  traveling  cranes,  and 
other  mechanical  appliances  for  manufacturing  from  forg- 
ings  made  elsewhere  the  heaviest  as  well  aa  the  lightest 
ordnance  for  the  new  American   navy. 
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CHAPTER   XXIIT. 


THE   IRON   INDUSTRY   ESTABLISHED   IN  VIRGINIA. 

After  the  failure  to  make  irou  on  Falling  creek  in  1622 
no  successful  effort  was  made  to  revive  the  iron  industry  in 
Virginia  until  after  the  beginning  of  the  succeeding  century, 
a  delay  of  almost  a  hundred  years.  As  late  as  1670  Sir  Will- 
Jam  Berkley  reported  to  the  Lords  Commissioners  of  Foreign 
Plantations  that  but  little  iron  ore  had  been  discovered  in 
Virginia  up  to  that  time,  and  he  does  not  mention  any  iron 
works  as  then  existing  in  the  colony.  Additional  evidence 
that  there  was  no  iron  made  in  Virginia  in  the  seventeenth 
century  is  given  in  a  preceding  cliapter.  To  Colonel  Alex- 
ander Spotswood,  wlio  was  Governor  of  Virginia  from  1710 
to  1723,  the  honor  of  having  established  the  iron  industry  of 
the  colony  on  a  firm  and  permanent  basis  is  fairly  due,  al- 
though the  exact  date  of  the  commencement  of  his  various 
iron  enterprises  is  lost.  We  are  indebted  to  the  researches 
of  Mr.  R.  A.  Brock,  of  Richmond,  for  the  following  infor- 
mation concerning  the  inception  of  Governor  Spotswood's 
schemes  to  effect  a  revival  of  the  iron  industry  in  Virginia. 

In  the  collections  of  the  Virginia  Historical  Society  are 
two  MS.  volumes  of  the  letters  of  Governor  Spotswood  to  the 
Lords  Commissioners  the  Council  of  Trade  at  London,  cover- 
ing the  period  from  1710  to  1721.  On  October  24,  1710,  the 
Governor  writes :  "  There  is  a  project  to  be  handed  to  the 
next  assembly  for  improvement  of  the  iron  mines,  lately  dis- 
covered in  this  country,  the  ores  of  which  upon  tryall  have 
been  found  to  be  extraordinary  rich  and  good.  It  is  proposed 
that  the  work  be  carried  on  at  publick  charge."  This  scheme 
appears  not  to  have  been  acted  upon  by  the  assembly.  On 
December  15,  1710,  the  Governor  writes :  "  I  humbly  propose 
to  your  lordships'  consideration  whether  it  might  not  turn  to 
good  account  if  Her  Majesty  would  be  pleased  to  take  that 
work  [the  iron]  in  her  own  hands,  sending  over  workmen 
and  materials  for  carrying  it  on."  He  states  that  the  "  iron 
mines  lie  at  the  fulls  of  James  river."    Un  January  27, 1714, 
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he  aaka  that  the  German  Protestants  settled  at  the  head  of 
the  Rappahannock  river,  who  came  over  with  Baron  de  Graf- 
fenreidt  "in  hopes  to  find  out  mines,"  be  exempted  from  the 
payment  of  levies  for  the  support  of  the  governnien^. 

Id  the  latter  part  of  1716  elaborate  charges  of  nialfea^ 
sance  in  office  were  anonymously  preferred  against  Governor 
Spotswood  to  the  Council  of  Trade,  the  counts  of  which  are 
-numerous.  In  one  of  them  Governor  Spotswood  is  charged, 
under  pretense  of  guarding  the  frontiers,  with  building,  at 
the  cost  of  the  government,  two  forts,  one  at  the  head  of 
James  river  and  another  at  the  head  of  Rappahannock  river, 
only  to  support  his  two  private  interests,  at  least  one  of 
which,  that  on  the  Rappahannock,  related  to  the  manufacture 
of  iron.  Another  account  charges  the  maintenance  at  public 
cost  at  these  forts  of  a  cot\>3  of  "  rangers  "  for  tliree  years 
ending  in  December,  1716.  The  beginning  of  this  period 
would  be  near  that  of  the  German  settlement,  the  members 
of  which  became  the  workmen  of  Governor  Spotswood.  It 
may  be  assumed  that  one  of  his  iron  enterprises,  the  furnace 
built  by  the  Germans,  was  in  operation  certainly  in  1716  and 
most  likely  one  year  earlier. 

But  did  Governor  Spotswood  or  the  Germans  acting  in- 
dependently of  Iiim  aet  cm  foot  the  first  of  these  enterprises  ? 
This  is  not  clear.  In  John  Eeten  Cooke's  Hiat'ory  of  the  People 
of  Virginia  it  is  stated  that  these  Germans,  who  were  Palati- 
nates, had  been  "sent  over  by  Her  Majesty  Queen  Anne  to 
make  wine  and  help  in  the  iron  business,"  and  it  will  be  re- 
membered that  the  Governor  in  1710  proposed  that  the  Queen 
should  send  over  workmen  and  materials  for  the  express  pur- 
pose of  inaugurating  the  iron  industry  in  the  colony. 

In  1727  the  general  assembly  of  Virginia  passed  "an  act 
for  encouraging  adventurers  in  iron  works,"  which  begins 
as  follows:  "Whereas,  divers  persons  have  of  late  expended 
great  suras  of  mouey  in  erecting  furnaces  and  other  works 
for  the  making  of  iron  in  several  parts  of  the  country,  ,  . 
and  forasmuch  as  it  is  absolutely  necessary  for  roads  to  be 
laid  out  and  cleaned  from  all  such  iron  'works  to  convenient 
landings,"  therefore,  etc.,  etc. 

In  A  Proyreaa  to  the  Mines,  in  1732,  by  Colonel  William 
Byrd,  of  Westovor,  Virginia,  the  second  of  the  name,  there  is 
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given  a  very  full  account  of  the  iron  enterprises  of  Virginia 
at  that  time,  embracing  three  blast  furnaces  and  one  air  fur- 
nace, but  no  forge.  One  of  the  blast  furnaces  was  at  Fred- 
ericksvyie,  a  village  which  has  entirely  disappeared  from  the 
maps,  but  which,  as  will  hereafter  appear,  was  located  about 
thirty  miles  southwest  of  Fredericksburg,  in  Spottsylvania 
county,  and  about  one-half  mile  north  of  the  North  Anna 
river,  Mr.  Cbiswell,  the  furnace  manager,  told  Colonel  Byrd' 
that  the  pig  iron  produced  at  the  furnace  was  carted  in  ox 
carts  over  an  uneven  road  to  the  Rappahannock  river,  a  mile 
below  Fredericksburg.  This  furnace  was  built  of  brick,  but 
it  had  been  idle  "  ever  since  May,  for  want  of  com  to  sup- 
port the  cattle,"  Colonel  Byrd  says :  "  The  fire  in  the  furnace 
is  blown  by  two  mighty  pair  of  bellows,  that  cost  £100  each, 
and  these  bellows  are  moved  by  a  great  wheel  of  twenty-six 
foot  diameter."  The  owners  of  the  furnace  had  invested 
about  £12,000  in  land,  negroes,  cattle,  etc.,  and  had  made 
1,200  tons  of  iron.  "  When  the  furnace  blows  it  runs  about 
twenty  tons  a  week."  Colonel  Byrd  says  that  the  company 
was  formed  as  follows:  "Mr,  Fitz  Williams  took  up  the  mine 
tract,  and  had  the  address  to  draw  in  the  Governor,  [Spots- 
wood,]  Captain  Pearse,  Dr.  Nicolas,  and  Mr.  Chiswell  to  be 
jointly  concerned  with  him,  by  which  contrivance  he  first 
got  a  good  price  for  the  land,  and  then,  when  he  had  been 
very  little  out  of  pocket,  sold  his  share  to  Mr.  Nelson  for 
£500,  and  of  these  gentlemen  the  company  at  present  con- 
sists. And  Mr,  Chiswell  is  the  only  person  amongst  them 
tliat  knows  anj-tbing  of  the  matter."  One  of  the  mines  at- 
tached to  the  furnace  was  fifteen  or  twenty  feet  deep,  and 
the  ore  was  dislodged  by  blasting,  after  which  it  was  carried 
away  "  in  baskets  up  to  the  heap."  It  was  calcined  before 
being  used,  layers  of  charcoal  and  ore  alt«mating.  The  lime- 
stone used  at  the  furnace  was  brought  from  Bristol,  in  Eng- 
land, as  ballast,  and  carted  from  the  Rappahannock  to  the 
furnace  by  the  ox  teams  which  brought  down  the  iron.  Col- 
onel Byrd  recommended  the  substitution  of  oyster  shells  for 
limestone,  but  without  effect.  If  this  furnace  had  made  only 
1,200  tons  of  iron  as  late  as  1732,  when  Colonel  Byrd  visited 
it,  it  is  evident  that  it  had  not  been  built  many  years.  We 
place  the  date  of  its  erection  at  about  1727. 
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The  next  furnace  visited  by  Colonel  Byrd  waa  directly 
controlled  by  Colonel  Spotswood,  and  was  situated  in  Spott- 
sylvania  county,  about  ten  miles  northwest  of  Fredericksburg 
and  about  t«n  miles  east  of  the  small  town  of  Germanna.  This 
last  place  was  situated  in  Orange  county,  on  the  south  side 
of  the  Rapidan,  and  about  ten  miles  above  its  junction  with 
the  Rappahannock.  It  had  been  settled  by  Germans  and 
afterwards  abandone<l  for  another  location  on  "  land  of  their 
own,  ten  miles  higher,  in  the  Fork  of  Rappahannock."  This 
furnace,  according  to  Colonel  kSpotswood,  was  the  first  in  Vir- 
ginia. It  was  built  of  rough  stone,  "  having  been  the  first 
of  that  kind  erected  in  the  country."  The  iron  made  at  this 
furnace  was  carted  fifteen  miles  to  Massaponax,  on  the  Rap- 
pahannock, five  miles  below  Fredericksburg,  where  Colonel 
Spotswood  had  recently  erected  an  air  furnace,  which  ha 
"  had  now  brought  to  perfection,  and  should  be  thereby  able 
to  furnish  the  whole  country  with  all  sorts  of  cast  iron,  as 
cheap  and  as  good  as  ever  came  from  England."  The  blast 
furnace  "had  not  blown  for  several  moons,  the  Colonel  hav- 
ing taken  off  great  part  of  his  people  to  carry  on  his  air 
furnace  at  Massaponax."  The  ore  at  this  furnace  waa  also 
blasted  with  gunpowder.  "  Here  the  wheel  that  carried  the 
bellows  was  no  more  than  twenty  feet  diameter."  "All  the 
land  hereabouts  seems  paved  with  iron  ore,  so  that  there 
seems  to  be  enough  to  feed  a  furnace  for  many  ages."  Col- 
onel Spotswood  resided  at  Germanna  at  the  time  of  Colonel 
Byrd's  visit. 

Colonel  Byrd  next  mentions  "England's  iron  mines,  call- 
ed so  from  the  chief  manager  of  them,  tho'  the  land  belongs 
to  Mr.  Washington."  These  mines,  he  states,  were  on  tlie 
north  side  of  the  Rappahannock  river,  twelve  miles  distant 
from  Fredericksburg.  Two  miles  distant  from  the  mines 
was  a  furnace.  "  Mr.  Washington  raises  the  ore  and  carts 
it  thither  for  twenty  shillings  the  ton  of  iron  that  it  yields. 
The  furnace  is  built  on  a  run,  which  discharges  its  waters 
into  Potomeck.  And  when  the  iron  is  cast  they  cart  it  about_ 
six  miles  to  a  landing  on  that  river.  Besides  Mr.  Washing- 
ton and  "Mr.  England  tliere  are  several  other  persons  in  Eng- 
land concerned  in  these  works.  Matters  are  very  well  man- 
aged there,  and  no  expense  is  spared  to  make  them  profitable, 


k 


262  THE   MAXUFACTURE  OF 

which  is  not  the  case  in  the  works  I  have  akeadv  mentioned." 
This  was  Accokeek  furnace,  already  referred  to  in  the  Mary- 
land chapter.  It  was  situated  in  Stafford  county.  The  "  Mr. 
Washington "  referred  to  was  Augustine  Washington,  the 
father  of  George  Washington. 

Colonel  B\Td  did  not  visit  Accokeek  furnace.  He  visited 
Colonel  Spotswood's  air  furnace  at  Massaponax,  which  he  de- 
scribes. It  was  a  very  ambitious  and  creditable  enterprise, 
and  it  appears  to  have  been  successfully  managed.  Colonel 
Sjiotswooil  used  it  "to  melt  his  sow  iron,  in  order  to  cast  it 
into  sundry  utensils,  such  as  backs  for  chimneys,  andirons, 
fenders,  plates  for  hearths,  pots,  mortars,  rollers  for  garden- 
ers, skillets,  boxes  for  cart  wheels,  and  many  other  things. 
And,  licing  cast  from  the  sow  iron,  are  much  better  than 
those  which  come  from  England,  which  are  cast  immediately 
from  the  ore  for  the  most  part."  "  Here  are  two  of  these  air 
furnaces  in  one  room,  that  so  in  case  one  want  repair  the 
other  may  work,  they  being  exactly  of  the  same  structure." 
Colonel  Spotswood  informed  Colonel  Byrd  that  Robert  Gary, 
of  England,  was  a  silent  partner  of  his  in  all  his  iron  enter- 
prises. In  Cooke's  History  of  the  People  of  Virginia  it  is  stated 
that  in  1760  about  600  tons  of  iron  were  smelted  at  "  Spots- 
wood's  furnaces,"  most  of  which  was  sent  to  England. 

Colonel  Byrd  was  the  owner  of  a  princely  estate,  on  the 
north  bank  of  the  James  river,  called  Westover,  where  he 
diefl  and  was  buried.  He  was  bom  on  March  28,  1674,  and 
died  on  August  26,  1744.  He  was  the  founder  of  both  Rich- 
mond and  Petersburg.     Colonel  Spotswood  died  in  1740. 

Mr.  W.  H.  Adams,  of  Mineral  City,  Virginia,  has  recently 
undertiiken  an  investigation  of  the  exact  location  of  Colonel 
SjkAs wood's  various  iron  enterprises,  and  has  placed  in  our 
hands  the  results  of  his  labors.  He  locates  the  furnace  built 
by  the  Germans,  and  which  he  calls  Rappahannock  furnace, 
on  a  small*  stream  flowing  into  the  Rappahannock  river, 
about  ten  miles  above  Fredericksburg,  and  he  locates  the 
Fredcricksville  furnace  in  the  southwestern  part  of  Spottsyl- 
vania  county.  He  siiys  that  few  vestiges  of  the  town  of 
(icrnianna  now  exist.  Its  site  was  on  the  Rapidan  river,  in 
(J range  county,  about  twenty  miles  west  of  Fredericksburg. 
The  Massaponax  air  furnace  he  locates  on  the  Rappahannock, 
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on  a  neck  of  land  at  the  outlet  of  the  Maasapouax  river,  on 
lands  now  owned  by  Dr.  Morton,  and  about  five  miles  below 
Fredericksburg.  From  hia  description  of  the  location  and 
remains  of  the  Rappahannock  and  Fredericksville  furnaces 
we  condense  the  following  interesting  statement 

Tbe  I?a[ipahaiinoi"k  fiirnai'e  sbiod  i:lose  to  the  forilB  of  the  Itajjpahaii- 
Dook  river,  and  on  the  nlmmt  jjrecipitous  banks  of  a  small  atreiim  which 
was  relied  on  for  the  necessary  power.  Considerable  grsiling  was  done  to 
provide  for  the  operation  of  the  furnace,  the  storage  of  cliarcoaJ,  limestone, 
OKS,  etc.  Protected  by  its  isolated  position  the  structurea  remained  in  an 
excellent  state  of  preservation.  The  furnace  is  almost  intact,  ita  cleanly 
cut  stone  work  and  aiwiliary  walls,  race,  and  chambere  being  about  aa 
tliey  were  lefl;  liy  the  last  workmen  one  huntlred  and  sixty  years  upi. 
A  giant  black-walnut  tree  is  growing  from  the  mouth  of  the  nimace,  bind- 
ing with  ila  roots  the  heavy  walls  in  place,  and  closing  every  aperture 
lUflLinat  the  ravages  of  time.  The  slag  piles,  fiuxcs,  coal,  and  considerable 
amounts  i>t  pig  iron,  found  in  odd  shapes  in  the  cinder  beds  and  (he  bed 
of  the  hriKik  ;  the  dam,  of  generous  extent  but  feulty  conBtniction ;  the 
rai'e-way,  tail-race,  etc,,  are  interesting  evidences  of  this  early  enterprise. 

The  location  of  the  Fiedericksville  furnace  is  an  isolated  one,  in  the 
Bouthwestem  part  of  Spottsylvania  county,  otT  the  main  line  of  travel, 
about  30  miles  southwest  from  Fredericksburg,  10  miles  from  the  new 
town  of  Mineral  City,  and  one-half  mile  from  the  North  Anna  river. 
The  exact  site  of  the  fijmace  is  just  off  the  moin  county  road  from  Fred- 
ericlubui^  to  Mineral  City.  The  fiimace  was  placed  on  a  small  stream, 
which  flowed  into  the  :North  Anna  river.  The  dam,  which  was  estab- 
lished about  1,000  feet  above  the  fiimacc;  the  race  which  lirought  the  water 
down  to  the  fiimHce ;  the  walls  of  the  flume  which  carried  the  water  to 
the  overshot  wheel ;  and  the  space  for  the  blowing  afiparatus  are  all  to 
he  seen.  The  ores,  fluxes,  charcoal,  masonry,  etc,,  are  plentitnl  In  the 
great  quantity  of  ilfl/rit  scattered  about.  It  is  a  matter  of  regret,  however, 
that  the  furnace  itself  has  been  thought  of  so  little  account  by  the  owners 
of  the  land  during  the  past  twenty  years  that  no  care  has  been  taken  of 
the  materials  used  in  its  constniction,  and  at  least  half  lie  original  height 
has  bt^n  sacrificed  Ui  furnish  foundations  and  chimneys  for  the  cabins  of 
the  neighborhood.  A  few  of  the  bricks,  unique  in  tlieir  shai>c  and  weight, 
and  evidently  brought  frxtm  some  foreign  land,  are  still  in  the  ruins  of  the 
fiimace.    About  10  feet  of  the  stack  are  yet  standing. 

The  connection  of  the  Washington  family  with  the  iron 
industry  of  Virginia  and  Maryland  justifies  furtlier  reference 
to  the  Accokeek  furnace.  Custis,  in  his  Recollecticms,  relates 
that  Augustine  Washington,  after  the  burning  of  his  house  in 
Westmoreland,  removed  to  a  situation  near  Fredericksburg, 
on  the  Rappahannock,  where  he  became  connected  with  the 
Principio  Company.     Colonel  Byrd  has  partly  explained  the 
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nature  of  this  connection,  and  in  the  Maryland  chapter  it  is 
still  further  explained.  In  1750  Accokeek  furnace  sent  to 
England  410  tons  of  pig  iron,  which  was  about  one-sixth  of 
the  quantity  exported  from  Maryland  and  Virginia  in  that 
year.  Augustine  Washington,  at  his  deatli  in  1743,  left  the 
estate  afterwards  known  as  Mount  Vernon  and  his  interest  in 
all  the  poenessions  of  the  Prindpio  Company  to  his  son  Lawrence, 
an  elder  half-brother  of  George  Washington.  Lawrence  died 
in  1752.  Mr.  Whiteley  says  that  Augustine  Wasliington's  in- 
terest in  tlie  Principio  Company  at  his  death  was  one-twelfth. 
He  had  probably  exchanged  for  this  interest  his  shares  in  the 
Accokeek  property,  which  will  liereafter  be  explained. 

We  have  examined  the  will  of  Lawrence  Washington,  of 
Fairfax  county,  Virginia,  as  it  is  recorded  in  Albert  Welles's 
History  of  the  fVasMngton  Family.  It  is  dated  June  20,  1752. 
We  make  the  following  literal  extract:  "I  give  and  bequeath 
to  my  daughter  Sarah,  .  .  after  my  just  debts  are  dis- 
charged, all  my  real  and  personal  estate  in  Virginia  and  the 
Province  of  Maryland,  not  otherwise  disposed  of.  But  in 
case  it  sliould  please  God  my  said  daughter  should  die  with- 
out issue,  it  is  then  my  will  and  desire  that  my  estate,  both 
real  and  personal,  be  disposed  of  in  the  following  manner. 
First.  I  give  and  bequeath  unto  my  loving  brother  Augus- 
tine Washington  and  his  heirs  forever  all  my  stock,  interest, 
and  estate  in  the  Principio,  Accokeek,  Kingsbury,  Laconahire. 
&  No.  East  iron  workg,  in  Virginia  and  Maryland,  reserving 
one-third  of  the  profits  of  the  said  works  to  be  paid  my  wife 
as  hereafter  mentioned."  George  Washington  was  one  of  the 
executors  of  the  will.  Sarah  did  not  long  survive  her  father, 
and  upon  her  death  Augustine  Washington  succeeded  to  the 
ownership  of  his  iron  interests  and  George  Washington  suc- 
ceeded to  tlie  ownership  of  Mount  Vernon.  Mr.  Whiteley 
says  that  Accokeek  furnace  was  abandoned  soon  after  Law- 
rence Washington's  death,  owing  to  the  failure  of  a  supply 
of  ore  within  a  reasonable  distance.  In  1753  the  slaves,  hor- 
ses, cattle,  and  wagons  were  sold,  and  affairs  were  gradually 
closed  up  until  nothing  but  the  real  estate  was  left,  of  which 
Augustine  Washington  probably  afterwards  became  sole  own- 
er. But  he  continued  to  retain  an  interest  in  the  Principio 
Company's  other  iron  enterprises  until  the  Revolution,  dur- 
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ing  which  they  passed  into  new  Lands.  Mr.  Whiteley  also 
says  that  if  was  at  the  solicitation  of  Augustine  Washing- 
ton, "  in  behalf  of  himself  and  other  adventurers  in  iron 
works,"  that  in  1757  the  Virginia  Council  remitted  the  port 
duties  and  fees  on  pig  and  bar  iron  imported  into  that  prov- 
ince from  Maryland. 

Before  parting  with  the  Washington  family  we  will  here 
refer  to  a  welt-preserved  deed  which  is  now  in  the  posses- 
sion of  the  Maryland  Historical  Society.  This  deed,  which 
was  executed  on  March  2,  1729,  recites  that  on  July  24, 1726, 
Augustine  Washington  "  did  demise,  grant,  bargain,  and  sell 
unto"  John  England  as  trustee  "the  said  Augustine  Wash- 
ington's plantation  and  lands  situate,  lying,  and  being  at 
Accokeek  run  in  Stafford  county  in  Virginia,  ,  .  contain- 
ing by  estimation  one  tliousand  six  hundred  acres,  or  there- 
abouts, together  with  all  the  soil  thereof,  with  all  manner  of 
iron  mines  and  iron  oar  .  .  within  the  limits  of  the  said 
plantation,  together  also  with  all  and  singular  the  woods, 
trees,  rivers,"  etc.  "And  the  said  Augustine  Washington  did 
by  the  said  verited  lease  grant  unto  the  said  John  England 
the  full  right  and  authority  to  cutt  and  make  any  shafts, 
pitta,  or  devoids  upon  the  said  lands,  to  open  or  draw  any  of 
the  mines,  oars,  and  mineralls  aforesaid,"  and  "to  refine, 
mill,  and  manufacture  the  oara  and  mineralls  aforesaid,  and 
to  set  up  any  furnaces,  buildings,  or  engines  upon  the  said 
land  or  any  jmrt  thereof." 

In  .consideration  of  these  grants  to  John  England,  which 
were  confirmed  to  the  Principio  Company  by  the  deed  from 
which  we  have  above  quoted,  and  which  it  was  to  hold  for  a 
thousand  years,  Augustine  Washington  was  to  receive  "  the 
yearly  rent  of  one  ear  of  corn  if  demanded "  and  a  two- 
twelfths  interest  in  the  lands  conveyed  and  in  the  furnace 
and  other  improvements  which  should  be  made  upon  them, 
the  whole  ownership  to  bo  divided  as  follows:  Walter  Chet^ 
wynd,  two-twelfths ;  William  Chetwynd,  two-twelfths  ;  Joshua 
Gee,  one^twelfth  ;  William  Russell,  one-twelfth  ;  Thomas  Rus- 
sell, one-twelfth;  John  Wightwick,  two-twelfths;  Augustine 
Washington,  two-twelfths;  and  John  England,  one-twelfth. 
The  instrument  from  which  we  have  quoted  recites  that 
"since  the  making  of  the  said  lease,"  on  July  24,  1726,  "the 
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■Mii  John  England  hath  on  the  said  premises  erected  an  iron 
furuaoe,  dam,  and  otlier  works  and  hnildings  for  tlie  rosting 
of  iron,"  The  iostrument  further  recites  that  the  lease  of 
July  24.  1726,  is  recorded  in  fohos  5-24  to  529  of  Book  No.  1 
of  the  court  of  Stafford  county,  session  of  June  10,  1728. 
And  it  further  says  that  "  the  said  John  England,  for  and  on 
account  of  the  said  works,  .  .  hatli  purchased  and  taken 
in  fee,  or  for  years,  or  some  other  estate,  several  other  par^ 
cells  of  land  in  Virginia  aforesaid,  amounting  in  the  whole' 
to  one  thousand  five  hundred  acres  or  thereabouts." 

Mr.  Brock  writes  us  that,  in  Hening'a  Staiutes,  volume  IX., 
there  is  "  an  act  for  the  encouragement  of  iron  works," 
passed  in  May,  1777,  which  recites  that,  "  "Wliereas,  the  dis- 
covery and  manufacturing  of  iron  ore  requisite  for  the  fabri- 
cating the  various  implements  of  husbandrj',  small  arms,  in- 
trenching tools,  anchors,  and  other  things  necessary  for  the 
army  and  na\-j-,  is  at  this  time  essential  to  the  welfare  and 
existence  of  this  State,  as  the  usual  supplies  of  pig  and  bar 
iron  from  foreign  States  is  rendered  diSicult  and  uncertain, 
and  James  Hunter,  near  Fredericksbui^,  hath  erected  and  ie 
now  carrying  on,  at  considerable  expense  and  labour,  many 
extensive  factories,  slitting,  plating,  and  wire  mills,  and  is 
greatly  retarded  through  the  want  of  pig  and  bar  iron ;  and 
whereas,  there  is  a  certain  tract  of  land  in  the  county  of  Staf- 
ford, called  or  known  by  the  name  of  Accokeek  furnace  tract, 
on  which  a  furnace  for  the  making  of  pig  iron  was  formerly 
erected  and  carried  on,  whidi  has  been  since  discontinued,** 
etc.,  etc.,  James  Hunter  is  therefore  authorized  to  enter  upon 
two  hundred  acres  of  the  Accokeek  tract,  including  the  old 
furnace,  if  its  owners  or  agents  should  fail  in  one  month  to 
b^in  and  within  six  months  to  erect  thereon  a  furnace  equ^ 
to  or  larger  than  the  former  one,  and  prosecute  the  same  fw 
the  making  of  pig  iron  and  other  castings.  We  think  that 
this  proposed  new  furnace  was  never  built,  as  it  is  not  re- 
ferred to  in  Thomas  Jefferson's  Notes  on  the  State  of  Firgima, 
to  be  quoted  from  hereafter,  while  "  a  forge  of  Mr.  Hunter's, 
tit  Fredericksbui^,"  is  distinctly  noted  by  Jefferson. 

Mr.  Chiswell  told  Colonel  Byrd  that  "  we  had  as  yet  no 
foige  erected  in  Virginia,  tho'  we  had  four  furnaces,  Bot^ 
there  was  a  very  godd  one  set  up  at  the  head  of  the  bay 
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Maryland,  that  made  exceeding  good  work."  The  forge  re- 
ferred to  was  doubtlesB  the  one  at  I'rincipio,  the  North  East 
forge  not  having  been  built  until  about  1735.  Coionel  SiK)ts- 
wood  told  Colonel  Byrd  that  "he  was  not  only  the  first  in  this 
country,  but  the  first  in  North  America,  who  had  erected  a. 
r^ular  furnace ;  that  they  ran  altogether  upou  bloomerys  in 
New  England  aud  Pennsylvania  till  his  example  had  made 
them  attempt  greater  works."  This  statement  is  correct  only 
so  far  as  it  relates  to  the  manufacture  of  pig  iron  exclusively 
and  not  castings.  By  the  phrase,  "a  regular  furnace,"  Colonel 
Spotswood  meant  a  furnace  which  was  built  expressly  to 
make  pig  iron.  Colonel  Byrd's  statement,  that  the  furnace 
near  Germanna  was  the  first  furnace  in  the  country  that  was 
"built  of  rough  stone,"  is  not  correct.  ' 

In  the  Valley  of  Virginia  many  furnaces  and  forges  were 
built  before  the  Revolution  and  others  were  built  before  the 
close  of  the  last  century.  Zane's  furnace  and  forge,  on  Cedar 
creek,  in  Frederick  county,  were  "  built  before  any  iron  works 
in  this  region."  Pine  forge,  in  Shenandoah  county,  three  and 
a  half  miles  uortli  of  New  Market,  was  built  at  an  early  day. 
Isabella  furnace,  on  Hawksbill  creek,  near  Luray,  in  Page 
county,  was  built  about  1760.  About  1775  a  furnace  was  built 
on  Mossy  creek,  Augusta  county,  by  Henry  Miller  and  Mark 
Bird,  of  Berks  county,  Pennsylvania.  Bird  soon  sold  his  in- 
terest to  Miller.     A  forge  was  soon  added  to  this  furnace. 

Union  forgo,  near  Waynesborough,  in  AugOsta  county, 
was  built  about  1800.  In  Rockbridge  county  were  two  for- 
ges, built  about  1800 — Gibraltar  forg^  on  North  river,  nine 
miles  north  of  Lexington,  and  Buffalo  forge,  on  Buffalo  creek, 
the  same  distance  south  of  Lexington.  Moore's  furnace,  on 
Steele's  creek,  in  this  county,  and  a  furnace  on  Smitli's  creek, 
in  Rockingham  county,  were  built  before  1800. 

A  furnace  was  built  in  Lioudon  county  before  1800,  con- 
cerning which  Bishop  states  that  Mr.  Clapham,  its  owner, 
"  cut  a  canal  through  the  end  of  Cotocktin  mountain,  500  feet 
through  solid  rock  and  GO  feet  beneath  the  surface,  to  obtain 
water  for  liis  furnace  and  mill." 

Iron  works  were  erected  in  Craig,  Grayson,  Wythe,  Wash- 
ijigton,  Carroll,  and  other  southwestern  counties  before  the 
close  of  the  last  century.     A  forge  on  Chestnut  creek,  in  Car- 
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roll  county,  was  built  about  1790,  and  another  on  Little  Reed  1 
Island  creek  was  built  about  the  same  time.     Poplar  Camp  I 
furnace,  on  Poplar  Camp  creek,  in  Wythe  county,  appears  to   ' 
have  been  built  in  1778,  as  a  stone  bearing  that  date  and 
identified  with  the  furnace  is  still  preserved.     xV  few  of  th6   ' 
old  charcoal  furnaces  that  are  still  in  existence  in  Southwest-  j 
em  Virginia  retain  all  their  primitive  characteristics.    They  ■ . 
are  blown  by  water-power  with   woodeu  "  tubs,"  are  placed 
against  a  bank  of  the  same  level  as  the  tunnel-head,  have  a 
cold  blast,  and  are  operated  by  "the  rule  of  thumb."     The 
stacks  are  built  of  stone.     But  even  in  Southwestern  Virginia   i 
modem  methods  are  now  obtaining  full  recognition. 

Bishop  says  that  an  excellent  "air  furnace"  was  built  at  | 
Westham,  six  miles  above  Richmond,  on  the  north  side  of  the 
James  river,  during  the  Revolution ;  there  was  also  a  cannoa 
foundry  here  at  the  same  period.    The  "air  furnace"  is  said 
to  have  used  bituminous  coal,  from  the  mines  of  Chesterfield   [ 
county,  in  the  manufacture  of  shot  and  shells  for  the  Conti- 
nental army.     Benedict  Arnold  destroyed  the  works  at  West-  I 
ham   in   1781.     A   rolling  and   slitting  mill  was   afterwards  j 
built  at  this  place. 

At  Lynchbui^  and  its  vicinity,  in  the  James  River  valley, 
several  furnaces  and  forges  were  built  in  the  last  century, 
some  of  which  are  referred  to  in  the  following  extract  from 
Jefferson's  Notes  on  the  Slate  of  Virifinui,  written  in  1781  and 
1782  but  not  printed  until  1788. 

The  Klines  of  iron  worked  at  present  are  Callaway's,  Ron's,  and  Bal- 
leniiine's  on  tlio  soutli  side  jsf  James  river;  Old's  on  the  north  side,  in  Al- 
bemarle ;  Millar's  In  Augusta ;  and  Zane'e  in  Frederick.   These  two  last  an 
in  the  valley  between  the  Blue  ridge  and  North  mountain.    Callaway'^ 
Boss's,  Millar's,  and  Zane's  make  about  ISO  tons  of  bar  iron  each  ii 
year.    Ko^'e  makes  aieo  about  1,600  tone  of  pig  iron  annually;  Ballen-  J 
dine's,  1,000;  Callaway's,  Millar's,  and  Zone's,  about  ((00  eaoh.     Beaidea  1 
theae,  a  forge  of  Mr,  Hunter's,  at  Frederickebuig,  makes  about  300  tons  a  J 
year  of  bar  iron,  from  pigs  imported  from  Maryland ;  and  Taylor's  fbtge,  I 
on  Nea[iscD  of  Putowmac,  works  in  the  same  way,  but  to  wliat  extent  1  am  [ 
not  informed.    The  indications  of  iron  in  other  places  are  numerous,  and   | 
dispeiBcd  through  all  the  middle  country.    The  toughnexp  of  the  cast  inm  ' 
of  Ross's  and  Zone's  furnaces  is  very  remarkable.    Pots  and  other  uten- 
sils cast  thinner  than  usual,  of  this  iron,  may  be  safely  thrown  into  or  oat 
of  the  wagons  in  which  they  ore  transported.    Salt-pane  made  of  the  same, 
and  no  lon^r  wanted  for  that  purpose,  cannot  be  broken  up,  in  order  lo  be 
melted  again,  unless  previously  drilled  in  many  ports. 
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This  account  by  Jefferson  seems  to  establish  tlie  fact  that 
the  iron  industry  of  Virginia  was  not  very  extensive  about 
the  close  of  the  Revolution.  Ross's  works  were  on  Beaver 
creek,  seven  miles  southcAst  of  Lynchburg,  and  Thomas  Cal- 
laway's were  near  Rocky  Mount,  or  Franklin  court-house. 
Lesley  mentions  Saunders's  furnace  at  the  latter  place  as  hav- 
ing been  abandoned  about  1800.  Henry  Miller's  works  were 
near  the  northern  boundary  of  Augusta  county,  "at  the  foot 
of  North  mountain."  In  1777  Old's  fynace  was  referred  to 
in  the  Virginia  legislature  as  an  "old  furnace  "  that  was  "yet 
standing,  tho'  somewhat  out  of  repair,"  but  it  was  proposed 
to  put  it  in  blast,  to  aid  by  its  product  in  accomplishing  the 
independence  of  the  colonies.  This  proposition  took  the  form 
of  a  resolution  appropriating  a  loan  of  £2,000  to  one  of  the 
proprietors.  The  furnace  was  then  said  to  have  been  owned 
by  Messrs.  Old,  Wilkinson  &  Trent,  and  Wilkinson  was  the 
partner  to  be  benefitetl  by  the  loan  from  the  Virginia  treas- 
ury. The  furnace  appears  to  have  been  promptly  put  in  blast, 
as  Jefferson  says  that  the  mines  belonging  to  this  furnace 
were  "worked"  when  his  Notes  were  written.  The  furnace 
was-  located  about  twelve  miles  from  Charlottesville. 

About  1790  the  iron  industry  of  Virginia  took  a  fresh 
start,  as  did  many  other  industries  of  the  State.  No  State  in 
the  Union  gave  more  attention  to  domestic  manufactures  af- 
ter the  close  of  the  Revolution  than  Vii^iuia,  This  activity 
continued  for  many  years,  but  it  was  partly  checked  in  sub- 
sequent years  by  the  greater  attention  given  by  the  people 
of  Virginia  to  agricultural  pursuits,  Richmond,  Lynchburg, 
Staunton,  Winchester,  and  some  other  places  became  noted 
for  the  extent  and  variety  of  their  manufactures.  Household 
manufactures  were  everywhere  promoted.  The  manufacture 
of  nails  was  one  of  these  household  industries.  Thomas  Jef- 
ferson required  about  a  dozen  of  the  younger  slaves  owned 
by  him  to  make  nails,  and  it  is  said  that  "they  made  about 
a  ton  of  nails  a  month  at  a  considerable  profit"  The  Gov- 
ernment armory  at  Harper's  Ferrj'  was  established  in  1798. 

Lesley  enumerates  no  less  than  eighty-eight  charcoal  fur- 
naces and  fifty-nine  forges  and  bloomaries  as  having  been 
built  in  Virginia  prior  to  1856;  also  twelve  rolling  mills. 
Several  of   these  enterprises  were  within  the  limits   of   the 
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present  State  of  West  Virginia.  The  furnaces  were  located  ii 
thirty-one  counties  and  the  forges  in  twenty-five  counties. 

The  first  rolling  mill  of  any  kind  west  of  the  Allegheny 
mountains  and  outside  of  Pennsylvania  of  which  we  can  ob- 
tain exact  information  was  located  in  West  Virginia,  and  is 
described  in  Cramer's  Pittsburgh  Almanack  for  1813,  issued  in 
1812,  as  follows :  "  Jackson  &  Updegraff,  on  Cheat  river,  have 
in  operation  a  furnace,  forge,  rolling  and  slitting  mill,  and 
nail  factory- — nails  handsome,  iron  tough."  Like  all  the 
rolling  and  slitting  mills  of  that  day  the  Cheat  river  mill 
did  not  puddle  iron  nor  roll  bar  iron,  but  rolled  only  sheet 
iron  for  salt  pans,  domestic  utensils,  and  nail  plates  from 
blooms  made  in  forges.  Hon.  James  Veech  informed  us  in 
his  lifetime  that  the  location  of  the  Cheat  river  mill  was  on 
the  road  from  Uniontown  to  Morgantown,  about  three  miles 
south  of  the  Pennsylvania  State  line  and  eight  miles  north  of 
Morgantown.     It  was  in  Monongalia  county. 

In  the  old  days  before  the  civil  war  Wheeling  was  the 
centre  of  the  rolling-mill  industry  of  Vii^inia,  havii^  seven 
of  the  twelve  rolling  mills  in  the  State.  Of  the  remaining 
five  mills  four  were  in  Richmond  and  one  was  on  Reed  creek, 
in  Wythe  county,  twelve  miles  east  of  Wytheville.  Since  the 
war  a  few  new  rolling  mills  have  been  built  in  the  old  State 
of  Virginia  and  new  mills  and  steel  works  have  been  built  at 
Wheeling.  The  first  rolling  mill  at  Wheeling  was  built  in 
1832  by  Dr.  Peter  Shoenberger  and  David  Agnew,both  Penn- 
sylvania ironmasters.  This  mill  was  called  the  Wheeling 
iron  works,  and  the  firm  was  styled  Shoenberger  &  Agnew. 
The  most  prominent  nail-manufacturing  district  in  tlie  Uni- 
ted States  at  the  present  time  is  the  Wheeling  district,  which 
includes  the  nail  factories  in  West  Virginia  and  in  that  part 
of  Ohio  which  lies  near  Wheeling. 

The  works  of  the  Tredegar  Iron  Company  at  Richmond, 
Virginia,  are  among  the  most  notable  of  their  kind  in  the 
United  States.  They  were  founded  in  1836  by  the  late 
Francis  B.  Deane,  and  embrace  a  large  rolHng  mill,  an  exten- 
sive foundry  and  machine  shop,  and  a  large  car  factory. 
During  the  civil  war  these  works  were  a  tower  of  streng;th 
to  the  Southern  Confederacy,  manufacturing  cannon,  cannon 
balls,  and  other  munitions  of  war  in  large  quantities  down 
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to  the  evacuation  of  Richmond  in  April,  1865.  Prior  to  the 
war,  however,  tliey  had  achieved  a  national  reputation.  The 
United  States  steam  frigatea  Boatwke  and  Colorado  and  the 
United  States  revenue  cutter  Javies  K.  Polk  were  furnished 
with  engines,  boilers,  and  guns  from  these  works.  Nearly  all 
the  machinery  of  tlie  Tredegar  works  is  driven  by  water- 
power  from  the  James  river. 

A  large  number  of  the  furnaces  and  forges  of  Virginia 
were  abandoned  before  1850.  In  1856  there  were  thirty-nine 
charcoal  furnaces  and  forty-tliree  forges  enumerated  by  Les- 
ley as  being  then  in  operation  or  prepared  to  make  iron. 
Since  1850  many  of  the  charcoal  furnaces  and  nearly  all 
the  forges  that  were  tlien  in  existence  have  been  abandoned. 
Insufficient  transportation  facilities,  coupled  witli  the  failure 
of  ore  in  certain  localities,  have  had  much  to  do  with  the 
abandonment  of  many  charcoal  furnaces  in  Virginia,  while 
the  disappearance  of  the  forges  is  due  to  the  competition  of 
rolling  mills.  Of  late  years,  however,  the  extension  of  rail- 
roads and  the  discovery  of  new  and  valuable  ore  deposits 
have  giveu  a  fresh  impetus  to  the  manufacture  of  pig  iron 
in  Virginia  and  West  Virginia,  much  of  which  is  made  with 
coke  obtained  in  the  now  celebrated  Pocahontas  Flat  Top 
coal  region,  which  is  found  in  botli  Virginia  and  West  Vir- 
ginia. The  future  of  the  iron  industry  of  these  two  Statea 
is  to-day  very  promising.  The  young  State  took  higher  rank 
in  both  1870  and  1880  among  iron-producing  States  than 
the  old  State.  It  ranked  tenth  in  187U  and  seventh  in  1880 ; 
whereas  Virginia  ranked  thirteenth  in  1870  and  sixteentli  in 
1880.  Since  1880,  however,  the  old  State  has  made  remark- 
able progress  in  the  erection  of  large  blast  furnaces  to  use 
coke  as  fuel.  Some  of  the  best  furnaces  in  the  country  are 
now  to  be  found  in  Virginia.  Its  total  production  of  pig 
iron  in  1880  was  only  26,726  gross  tons,  but  in  1883  it  was 
136,524  tons,  and  in  1890  it  was  292,779  tons.  In  1890 
Vii^inia  ranked  sixth  among  the  Slates  in  the  production 
of  pig  iron.  In  the  same  year  West  Virginia  ranked  fourth 
in  the  production  of  steel  but  was  twelfth  in  the  production 
of  |>ig  iron. — The  early  iron  history  of  West  Virginia  is  so 
closely  iuterwoven  with  that  of  \'irgiuia  that  we  could  not 
devote  to  it  a  separate  chapter. 
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CHAPTER   XXIV. 


THE  MANUFACTURE  OF  IRON  IN  NORTH  CAROLINAil 

ScEiVENOR  says  that  in  1728-29  there  were  imported  intlKJ 
England  from  "  Carolina"  one  ton  and  one  cwt,  of  pig  iron,; 
and  that  in  1734  there  were  imported  two  qrs.  and  twelve  Ibsi', 
of  bar  iron.  Shipments  of  pig  iron  and  bar  iron  from  "  CanK 
iina"  were  made  in  subsequent  years  prior  to  the  Revolution.! 
We  regret  that  we  can  not  locate  the  first  iron  enterprises 
this  State.  Some  future  antiquarian  may  be  able  to  do  thii 
They  were  probably  situated  near  the  coast,  in  the  neighbor- 
hood of  bog-ore  deposits.  It  is  a  curious  fact  that  hoes  made 
in  Virginia  and  "Carolina"  were  sold  in  New  York  long  be- 
fore the  Revolution. 

Bishop  says  that  several  iron  works  were  in  operation  in 
North  Carolina  before  the  Revolution,  some  of  which  were 
put  out  of  blast  by  that  event.  They  were  situated  on  tribu- 
taries of  the  Cape  Fear,  Yadkin,  and  Dan  rivers.  When  the 
shadow  of  the  approaching  conflict  with  the  motlier  country 
reached  North  Carolina  her  patriotic  citizens,  first  in  conven- 
tion at  New  Berne  and  afterwards  in  the  provincial  legisla- 
ture, encouraged  by  the  offer  of  liberal  premimns  the  manu- 
facture of  crude  and  finished  iron  and  steel,  as  well  as  otheri 
manufactured  products.  "John  Wilcox  was  the  proprietor  o£-J 
a  furnace  and  iron  works  on  Deep  run  in  the  beginning  of' 
the  war.  There  were  also  iron  works  in  Guilford  county,. 
probably  on  the  same  stream.  In  April,  1776,  the  provincial 
congrras  sent  commissioners  to  treat  with  Mr.  Wilcox  for  tlie 
use  of  his  furnace  and  works  for  two  years,  or  to  purchaaS' 
and  repair  those  in  Guilford,  for  casting  ordnance,  shot,  etfl., 
and  empowered  them  to  draw  on  the  treasury  for  £5,000  fot 
that  purpose,"  Troublesonie  foige,  in  Guilford  county,  was  in 
operation  during  the  Revolution.  Buffalo  Creek  furnace  &nA 
forge  were  also  built  before  the  Revolution  on  Buffalo. creek, 
in  Cleveland  county,  not  far  from  King's  mountain,  on  thai 
southern  border  of  the  State. 

Prior  to  1800  there  were  in  operation  in  Lincoln  county 
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two  bloomaries,  four  forges,  and  two  furnaces.  One  of  the 
furnaces,  Vesuvius,  on  Anderson's  creek,  built  in  1780,  was  in 
operation  down  to  1873.  Of  other  iron  enterprises  established 
in  North  Carolina  in  the  last  century  we  gather  from  Lesley 
and  Bishop,  and  from  Dr.  William  Sharswood,  a  local  histo- 
rian, of  Danbury,  North  Carolina,  the  following  information  : 
Union  bloomary  forge,  on  Snow  creek,  in  Stokes  county,  six 
miles  northeast  of  Danbury,  was  built  in  1780  by  Peter  Per- 
kins and  James  Martin.  Other  iron  works  were  built  on 
Snow  creek,  in  the  same  county,  and  conducted  with  spirit 
before  1800.  Dr.  Sharswood  mentions  a  furnace  and  forge  on 
this  creek  which  were  built  by  Peter  Perkins  and  James  Tay- 
lor about  1795  :  they  were  located  about  half  a  mile  from  the 
mouth  of  the  creek.  Davis's  mill  now  stands  on  the  site  of 
the  furnace.  He  also  says  that  Matthew  Moore  built  a  forge 
on  Big  creek,  where  George's  mill  now  stands,  before  1800. 
Riser's  bloomary  forge,  on  the  headwaters  of  Town  fork,  in 
the  same  county,  ten  miles  soiithwest  of  Danbury,  was  built 
in  1796  by  George  Hauser  and  Philip  Kiser.  Hill's  bloomary 
forge,  on  Tom's  creek,  in  Surry  county,  nineteen  miles  west 
of  Danbury,  was  built  in  1791.  In  the  same  county,  near  the 
Yadkin,  iron  works  were  erected  a  few  years  after  the  Revo- 
lution, probably  by  Moravians  fi'om  Peimsylvania,  who  had 
settled  in  the  county  as  early  as  1753.  In  Wilkes  county  a 
forge  was  built  about  the  same  time.  A  furnace  and  forge 
were  erected  on  Troublesome  creek,  in  Rockingham  county, 
at  an  early  ilay.  In  Burke  county,  at  the  foot  of  the  Blue 
ridge,  two  bloomaries  and  two  forges  were  erec^ted  before  the 
close  of  the  last  century. 

After  1800  the  iron  industry  of  North  Carolina  was  still 
further  developed.  This  development  was,  however,  mainly 
confined  to  the  manufacture  of  bar  iron  in  bloomaries,  the 
magnetic  and  hematite  ores  of  North  Carolina  being  well 
adapted  to  this  mode  of  treatment.  In  1810,  according  to 
Tench  Coxe,  there  were  six  bloomaries,  two  rolling  and  slit- 
ting mills,  and  two  naileries  in  Lincoln  county ;  one  bloom- 
ary in  Iredell  county ;  six  bloomaries  and  one  trip-hammer 
in  Burke  county  ;  and  five  bloomaries  in  Surry  county — 
eighteen  bloomaries  in  all.  In  1856  Lesley  enumerated  about 
forty  bloomaries  and  a  few  forges,  most  of  which  were  then 


274 


THE   MAKCFACTUKE   OF 


in  operation.  They  were  located  in  Stokes,  Surry,  Yadkin, 
Catawba,  Lincoln,  Gaston,  Cleveland,  Ashe,  Watauga,  Ruther- 
ford, and  Cherokee  counties.  The  Irompe  was  in  general  use. 
He  also  described  six  furnaces :  Vesuvius,  already  referred  to ; 
Madison,  on  Leiper's  creek,  in  Lincoln  comity,  built  in  1810 ; 
Rehoboth,  on  the  same  creek  and  in  the  same  county,  built 
in  1810 ;  Columbia,  seven  miles  west  of  High  Shoals,  in  Gas- 
ton county,  then  in  ruins :  Tom's  Creek,  near  Hill's  forge, 
on  Tom's  creek,  destroyed  by  a  flood  in  1850;  Buffalo  Creek, 
already  referred  to,  and  then  in  ruins.  Vesuvius,  Madison, 
and  Rehoboth  were  blown  with  wooden  "tubs."  There  was 
also  active  at  this  date  a  small  rolling  mill  on  Crowder's 
creek,  in  Gaston  county,  a  mile  and  a  quarter  north  of  King's 
mountain,  owned  by  Benjamin  F,  Briggs,  of  Yorkville,  South 
Carolina,  and  built  in  1853.  At  the  same  time  another  small 
rolling  mill  and  forge,  knoft-n  as  High  Shoals  iron  works,  and 
situated  in  Gaston  county,  were  in  ruins. 

There  have  been  other  early  iron  works  in  North  Carolina 
than  those  mentioned  by  Lesley  or  the  other  authorities  from 
whom  we  have  quoted.  A  furnace  called  Washington  is  said 
to  have  been  built  in  Gaston  county  in  1788.  Iron  was  made 
in  a  bloomary  near  the.line  of  Nash  and  Wilson  counties  m 
the  war  of  1812,  *ind  during  the  civil  war  iron  was  made  in 
a  blast  furnace  iu  the  same  locality.  About  1840  there  was  a 
furnace  called  Shuford  in  Catawba  county,  and  at  the  same 
period  there  was  a  furnace  called  Beard's  on  the  Catawba 
river,  probably  in  Catawba  county.  Iron  was  also  made  about 
the  same  time  on  Gunpowder  creek,  iu  Caldwell  county,  prob- 
ably in  a  bloomary. 

In  the  census  year  1840  there  were  eight  furnaces  in  North 
Carolina,  which  produced  in  that  year  968  gross  tons  of  cast 
iron,  including  both  pig  iron  and  castings,  and  forty-three 
bloomaries,  forges,  and  rolling  mills,  which  produced  963  tons 
of  bar  iron. 

In  Mitchell  county,  in  the  northwestern  part  of  the  Stat«, 
and  within  a  few  miles  of  the  Tennessee  line,  there  exists  an 
extensive  deposit  of  iron  ore  known  as  the  Cranberry  mines, 
the  deposit  taking  its  name  from  Cranberry  creek,  which  flows 
at  the  foot  of  the  steep  mountain  spurs  in  which  the  ore  is 
found.     This  ore  is  a  pure  magnetite,  and  is  practically  free 
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from  sulphur  and  phospliorus.  This  valuable  deposit  has 
been  in  part  developed  by  Northern  capital.  The  Cranberry 
Iron  Company  has  shipped  some  ore  to  distant  furnaces,  and 
it  has  also  built  at  the  mines  a  small  charcoal  furnace  which 
was  put  in  blast  in  tlie  spring  of  1884.  Cranberry  ore  was" 
long  worked  in  blooraaries  in  the  neighborhood. 

At  least  three  furnaces  were  built  in  North  Carolina  dur- 
ing the  civil  war,  one  in  Chatham  county,  another  in  Lincoln 
county,  and  another,  already  referred  to,  on  the  line  of  Nash 
and  Wilson  counties.  Two  furnaces  were  built  in  Chatham 
county  after  the  war,  but  of  these  five  furnaces,  and  Vesuvius, 
Madison,  and  Rehoboth,  all  of  which  were  lately  standing,  as 
may  have  been  one  or  two  other  furnaces,  not  one  made  a 
pound  of  iron  from  1877  until  1881.  In  that  year  Rehoboth 
furnace  was  in  operation,  and  in  1882  it  was  still  active,  but 
in  1883  it  was  silent  and  it  has  since  been  idle.  In  1890  it 
was  reported  as  having  been  abandoned.  The  furnace  built 
in  Lincoln  county  during  the  war  was  named  Stonewall. 

Nearly  all  of  the  iron  works  that  have  been  referred  to 
have  been  built  in  the  western  part  of  North  Carolina.  Of 
the  long  list  of  bloomaries  and  forges  which  this  State  could 
once  boast  only  two  bloomaries  in  Mitchell  and  Surry  counties 
have  recently  been  active,  and  we  are  informed  that  neither 
of  these  is  likely  to  be  operated  again.  Of  all  the  furnaces 
that  North  Carolina  once  possessed  only  Cranberry  furnace 
has  been  active  in  late  years,  and  it  is  a  comparatively  new 
furnace.    There  is  not  to-day  a  rolling  mill  or  steel  works 
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If  the  iron  industry  of  North  Carolina  has  rapidly 
clined  in  late  years  that  of  South  Carolina  has  suffered 
a  worse  fate ;  it  has  heen  an  extinct  industry  for  many  yi 
Yet  this  State  made  some  iron  as  early  as  the  R«volutioi 
period,  and  subsequently  it  made  irou  in  considerable 
tities.     In  the  northwestern  part  of  South  Carolina,  including 
the  counties  of  Union,  Spartanburg,  and  York,  are  valuable 
deposits  of  magnetic  ores,  and  here,  according  to  Dr.  liamaaj 
the  historian  of  South  Carolina,  the  first  iron 
State  were  erecteil  by  Mr,  Buffington  in  1773,  but  iJiey  wi 
destroyed  by  the  Tories  during  the  Revolution. 

At  the  beginning  of  the  Revolution  South  Carolina  fol- 
lowed the  example  of  many  other  colonies  by  offering  lib- 
eral premiums  to  those  who  would  establish  iron  works, 
we  do  not  learn  that  the  manufacture  of  iron  was  thi 
increased.  Mr.  Buffingtou's  experience  probably  deterred 
ers  from  embarking  in  the  business. 

Several  furnaces  and  forges  were  erected  in  this  Stata 
few  years  after  the  peace,  the  principal  of  which  were  the 
and  Etna  furnaces  and  forges  in  York  county.     The  Era 
built  in  1787  and  the  Etna  in  1788.     These  enterprises 
situated  on  a  creek  flowing  into  the  Catawba  river  and  al 
two  miles  west  of  it.     In  1795  the  nearest  landing  to  thi 
works  was  at  Camden,  seventy  miles  below.     They  were 
the  road  leading  from  Charlotte,  in  North  Carolina,  to  Yoi 
ville.     Iron  ore  was  abundant  in  the  neighborhood,  and 
easily  smelted  after  having  been  roasted.    "It  was  obi 
massive,   in    such   quantity   above   the    surface   that   it 
thought  there  would  bo  no  occasion  to  resort  to  shafts 
levels  for  half  a  century."  William  Hill  was  one  of  the  pi 
cipal  owners  of  the  works.     Ho  is  siiid  to  have  devised 
new  blowing  apparatus,"  by  tlie  aid  of  which  he  oontri' 
blow  "all  the  flres,  botli  of  the  foigcfl  and  fumac«6,  ao 
render  unnecessary  tlie  use  uf  wheeb,  cylindDrs,  or  any  ol 
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kind  of  bellows."  This  apparatus  was  doubtless  the  trompe, 
or  water-blast,  but  Mr.  Hil!  did  uot  invent  it,  nor  was  he  the 
first  in  this  country  to  use  it  The  statement,  which  Bishop 
quotes  from  some  unknown  authority,  is,  however,  valuable, 
as  it  contains  one  of  the  few  references  to  the  use  of  the 
trompe  in  this  country  in  blowing  a  blast  furnace  that  have 
come  under  our  notice.  Bishop  says  that  other  iron  works 
soon  followed  those  of  Mr.  Hill,  and  that  "  they  were  erected 
in  different  places,  including  several  in  the  mountain  district 
of  Washington,  where  iron,  the  only  article  made  for  sale  to 
any  extent,  was  manufactured  at  the  beginning  of  this  cent- 
ury as  cheap  and  good  as  the  imported." 

Tench  Coxe  enumerates  two  bloomaries  in  Spartanburg 
county  in  1810,  four  in  Pendleton  county,  two  in  Greenville 
county,  and  one  in  York  county — nine  in  all.  He  also  men- 
tions one  small  nailery  and  one  small  steel  furnace  in  the 
State.  He  makes  no  reference  to  blast  furnaces,  but  his  sta- 
tistics were  probably  not  complete. 

,  Scrivenor  mentions  the  following  enterprises  in  South 
Carolina  as  existing  apparently  about  1815,  but  the  source 
of  his  information  we  have  been  unable  to  discover.  "  On 
Allison's  creek,  in  York  district,  tliere  are  a  forge,  a  furnace, 
a  rolling  mill  for  making  sheet  iron,  and  a  nail  manufactory. 
On  Middle  Tiger  river  are  iron  works  on  a  small  scale ;  also 
on  the  Enoree  river  and  Rudy  river,  on  the  north  fork  of 
Saluda  river,  on  George's  creek,  and  on  Twenty-six  mile 
creek.  In  1802  an  air  furnace  was  erected  on  a  neck  of  land 
between  Cooper  and  Ashley  rivers,  where  good  castings  are 
made."  York  district  is  the  same  as  York  county,  the  sub- 
divisions of  South  Carolina  having  been  known  as  districts 
down  to  1868. 

In  the  census  year  1840  there  were  four  furnaces  in  South 
Carolina,  which  produced  in  that  year  1,250  gross  tons  of 
castings  and  pig  iron,  and  nine  bloomaries,  forges,  and  roll- 
ing mills,  which  produced  1,165  tons  of  bar  iron. 

In  1856  South  Carolina  hafl  eight  furnaces — one  in  York, 
one  in  Union,  and  six  in  Spartanburg  county.  They  are  de- 
scribed by  Lesley.  Four  of  these  furnaces  were  then  in  oper- 
ation, producing  in  the  year  named  1,.506  tons  of  cliarcoal 
iron,  bu*  three  others  had  lieen  "  out  of  repair  for  twenty 
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years,"  and  the  remaining  furnace  had  been  abandoned.  In 
1856  there  were  also  three  small  rolling  mills  in  the  State — 
one  on  Pacolet  river,  in  Spartanburg  county;  one  on  Broad 
river,  in  Union  county ;  and  one  on  the  same  river,  in  York 
county.  At  the  first  two  of  these  mills  dry  wood  was  used  in 
the  puddling  and  heating  furnaces.  In  1856  the  three  mills 
made  1,210  tons  of  bar  iron  and  nails.  In  the  same  year 
there  were  also  in  South  Carolina  two  "  bloomaries,"  one  con- 
nected with  the  rolling  mill  in  Union  county  and  the  other 
connected  with  the  rolling  mill  in  York  county.  Their  joint 
product  was  640  tons  of  blooms.  Strictly  speaking  these 
"  bloomaries  "  were  forges,  as  they  doubtless  used  pig  iron. 

But  South  Carolina  no  longer  makes  iron.  Every  iron- 
producing  establishment  in  the  State  is  to-day  silent  and 
has  been  silent  for  many  years,  and  all  are  in  a  more  or 
less  dilapidated  condition.  South  Carolina  and  Vermont 
furnish  the  only  instances  in  the  history  of  the  country  of 
States  having  wholly  abandoned  the  manufacture  of  iron. 
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CHAPTER  XXVI. 
THE  EAELY  MANUFACTURE  OF  IRON  IN  GEORGIA. 

Georgia  Ib  the  last  of  the  original  thirteen  colonies  whose 
iron  history  remains  to  be  noticed.  Unlike  its  sister  colonies, 
however,  Georgia  has  no  colonial  iron  history.  It  was  the 
last  of  the  thirteen  to  be  settled,  and  it  was  not  until  within 
a  few  years  of  the  commencement  of  the  Revolutionary  strug- 
gle that  the  few  settlements  on  the  coast  began  to  experience 
even  moderate  prosperity.  After  the  close  of  the  Revolution 
the  settlement  of  the  interior  was  for  many  years  retarded 
by  difficulties  with  the  Indians,  and  it  was  not  until  1838 
that  the  Cherokees  were  induced  to  surrender  their  claims  to 
a  portion  of  the  territory  of  the  State.  It  will  be  seen  that, 
under  the  circumstances  which  have  been  mentioned,  the 
manufacture  of  iron  in  Georgia  was  destined  to  be  the  result 
of  comparatively  modern  enterprise. 

In  1810  there  was  a  bloomary  in  Warren  county,  a  forge 
in  Elbert  county,  and  a  nailery  in  Chatham  county.  Two 
of  these  enterprises  were  near  the  Atlantic  coast,  and  were 
doubtless  among  the  first  of  tlieir  kind  in  the  State,  dating 
probably  from  about  1790.  The  coast  sections  of  Georgia 
did  not  possess  ample  resources  for  tlie  manufacture  of  iron. 
No  iron  industry  exists  there  to-day.  Sequee  bloomary  forge, 
three  miles  south  of  Clarkesville,  in  Habersham  county,  was 
built  about  1830  and  abandoned  about  1835.  Hodge's  forge, 
in  the  same  county,  was  probably  built  at  an  earlier  date. 
Lesley  says  of  it ;  "  Situation  unknown  ;  history  unknown  ; 
abandoned  very  long  ago." 

Bloomary  forges  in  Cass  county,  now  Bartow  county,  were 
built  as  follows:  Etowah,  No.  1,  in  1838;  Etowah,  No.  2,  in 
1841  ;  Allatoona,  about  1846.  Ivy  Log  bloomary,  in  Union 
county,  was  built  about  1839.  Aliculsie  bloomary,  in  Murray 
county,  was  built  about  1843.  A  bloomary  was  built  on  Ar- 
muchy  creek,  in  Walker  county,  about  1848.  Lookout  bloom- 
ary, in  Dado  county,  was  built  at  an  earlier  day.  All  these 
enterprises  were  abandoned  before  1856,  in  which  year,  how- 
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ever,  several  other  blooraaries  of  more  recent  origin  were  in 
operation.  In  1880  only  two  bloomaries  in  the  State  were 
reported  to  be  in  use.  One  forge,  at  Allatoona,  made  blooms 
from  scrap  iron  in  that  year.  In  1890  there  was  neither  a 
forge  nor  a  bloomary  in  Georgia  that  was  active. 

The  first  furnace  in  Georgia  of  which  we  have  any  infor- 
mation was  Sequee  furnace,  near  Clarkesville,  in  Habersham 
county,  built  prior  to  1832  and  abandoned  in  1837.  Etowah 
furnace,  on  Stamp  creek,  in  Cass  county,  now  Bartow  county, 
was  built  in  1837,  abandoned  in  1844,  and  torn  down  in  1850. 
A  new  furnace,  built  by  its  side  in  1844,  is  now  in  ruins.  Al- 
latoona furnace,  in  Cass  county,  built  in  1844 ;  Union  furnace, 
in  the  same  county,  built  in  1852 ;  Lewis  furnace,  in  the  same 
county,  built  about  1847 ;  and  Cartersvillo  furnace,  in  the 
same  county,  built  in  1852,  have  all  been  abandoned.  Clear 
Creek  furnace,  in  Walker  county,  built  about  1852  and  rebuilt 
in  1857,  has  also  been  abandoned.  All  these  were  charcoal 
furnaces.  Of  the  furnaces  existing  in  Georgia  in  1880  Bartow 
county  contained  five  charcoal  funiaces  and  two  coke  furna- 
ces—seven in  all.  Of  these  the  two  Bear  Mountain  charcoal 
furnaces,  built  in  1842,  were  the  oldest.  Four  other  furnaces 
in  the  State  were  situated  in  Polk,  Floyd,  and  Dade  counties 
— two  in  Polk  and  one  in  Floyd  using  charcoal  and  one  in 
Dade  using  coke.  Of  the  eleven  furnaces  in  the  State  in 
1880,  some  of  which  were  not  then  active,  several  have  since 
been  torn  down  or  abandoned.  Two  new  charcoal  furnaces 
have  recently  been  built — ^one  at  Tallapoosa,  blown  in  in  1890, 
and  one  at  Rome,  blown  in  in  1891.  Rising  Fawn  furnace,  in 
Dade  county,  is  C5  feet  high  by  17  feet  wide,  and  was  the 
first  furnace  in  the  United  States  to  use  the  Whitwell  hot- 
blast  stove,  blowing  iu  for  the  first  time  on  June  18,  1875. 
In  1891  there  were  six  furnaces  in  Georgia,  two  of  which 
used  coke  as  fuel,  three  used  charcoal,  and  one  was  built  to 
use  either  coke  or  charcoal. 

Georgia  had  two  rolling  mills  in  1859— Etowah,  in  Cass 
county,  built  about  1849,  and  Gate  City,  at  Atlanta,  built  iu 
1858.  It  is  a  curious  fact  that  this  State  had  just  two  rolling 
mills  twenty-one  years  later,  in  1880 — Atlanta,  built  in  1865, 
and  Rome,  built  in  1869.  The  latter  had  been  idle  for  sev- 
eral years  prior  to  1880  and  has  since  been  dismantled.    The 
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Atlanta  rolling  mill  was  burned  on  September  21,  1881,  and 
not  rebuilt.  There  is  now  only  one  rolling  mill  in  the  State, 
a  new  mill  at  Rome,  built  in  1889  partly  to  roll  cotton-ties. 

In  1859  Lesley  thus  describes  the  Etowah  rolling  mill  and 
its  blast  furnace  and  other  connections,  located  on  the  Etowah 
river:  "This  property  has  been  building  up  and  developing 
for  twelve  years.  On  it  there  has  been  expended  $250,000. 
It  contains  a  rolling  mill,  nail  and  spike  factory,  and  all 
necessary  apparatus;  a  blast  furnace  and  foundry,  with  full 
equipment ;  a  wheat  mill  (150  to  250  bushels  per  day),  ware- 
house, cooper-house,  hotel,  and  operative  houses,  two  corn 
grist  mills,  two  saw  mills,  and  a  coal  mine;  all  using  not 
one-tenth  of  the  water-power  on  the  premises.  River  600  feet 
wide.  Iron  ore  and  wood  are  abundant.  It  is  on  the  met- 
amorphic  rocks  of  the  gold  and  copper  belt,  both  minerals 
being  foimd  on  it,"  etc.  The  Etowah  Iron  Company  has  re- 
cently purchased  this  property  and  is  making  preparations 
to  develop  its  iron-ore  deposits. 

From  the  foregoing  summary  it  will  be  seen  that  the  iron 
industry  of  Georgia  is  not  now  so  prominent  as  in  former 
years.  There  does  not  seem  to  be  any  reason  why  it  should 
not  in  the  next  ten  or  twenty  years  become  much  more  act- 
ive than  it  now  is  or  ever  has  been. 
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THE  EARLY  iMANUFACTURE  OF  IRON  IN  KENTUCKY. 


The  first  iron  enterprise  in  Kentucky  whose  history  has 
been  preserved  was  Bourbon  furnace,  often  called  Slate  fur- 
nace, which  was  built  in  1791  on  Slate  creek,  a  branch  of 
Licking  river,  in  Batli  county,  then  Bourbon,  and  about  two 
miles  southeast  of  Owingsville.  This  is  also  the  only  furnace 
in  Kentucky  which  has  a  history  that  can  be  traced  back  to 
the  last  century.  In  his  Notes  on  the  Slate  of  Vir^nia  Jefferson 
says  that  tliere  were  iron  mines  "  on  Kentucky,  between  the 
Cumberland  and  Barren  rivers,"  and  also  "between  Cumber- 
land and  Tanissee."  This  was  written  before  the  close  of  Uie 
Revolution,  The  whole  of  Jefferson's  reference  to  western 
iron  mines  is  as  follows : 

In  the  weBtem  t'ounlry  we  are  told  of  iron  minm  between  the  Mus- 
kingum and  Ohio ;  of  othen  on  Kentucky,  between  the  Cumberland  and 
Barren  rivera,  between  Cumberland  and  Tanieeee,  on  Reedy  (Teck,  near  the 
Long  island,  and  on  Chestnut  croek,  a  lirani'h  of  the  Great  Kanhaway  near 
where  it  crosses  the  Carolina  line.  WhW  are  callwl  the  iron-bunks,  on  the 
Missiaeippi,  are  believed,  by  a  good  judge,  to  have  no  iron  in  theni.  lu  gen- 
eral, from  what  ie  hitherto  known  of  that  country,  it  seema  to  want  iron. 

Bourbon  furnace  was  not  within  the  limits  of  any  of  these 
boundaries,  but  was  located  not  far  from  the  Ohio  river.  Nor 
is  it  probable  that  there  were  any  iron  enterprise  in  the  Ken- 
tucky portion  of  the  regions  mentioned  by  Jefferson  prior  to 
the  building  of  Bourbon  furnace.  This  furnace  was  the  first 
furTtace  outside  of  the  present  limits  of  the  original  thirteen 
colonies  of  which  we  can  obtain  any  information. 

We  have  received  from  V.  B.  Young,  Esq.,  of  Owingsville, 
Kentucky,  a  very  full  historical  account  of  Bourbon  furnace, 
which  we  present  as  follows: 

In  Octolxir,  1782,  Jacob  Slyers  came  from  Baltimore,  Maryland,  to  the 
region  now  embraced  in  Bath  L-ouiity,  Kentucky,  but  then  in  Bourbon  coan- 
ty,  and  soon  afterwards  patented  5,434  acres  of  land  on  Blate  creclc.  In 
March,  1791,  he  commenced  the  erection  of  a  Rirnace  on  this  land,  and  on 
the  24th  of  May  following  he  sold  to  John  Cockcy  OwingB,  of  Baltimore, 
ChriHtopher  Greenup,  of  Mercer  county,  Kentucky,  Walter  Beall,  of  Nelran 
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county,  Kentucky,  and  Willie  Green,  of  Lincoln  county,  Keutucky,  eeven- 
eighthe  of  hia  interest  in  the  fkimaee  and  in  the  land,  the  coneidL-ration 
being  £1,426  8e.  <3d.  On  the  uune  day  all  the  {«reone  mentioned  fonned 
themselves  into  a  company  and  subscribed  to  an  agreement  which  Biij)- 
ulated  that  "the  fiimace  now  building  on  Slale  creek  shall  hereafter  be' 
styled,  called,  and  known  by  the  nume  of  the  Bourbon  ftimBce,  and  the 
firm  of  the  company  shall  be  John  Cockey  Owinge  and  Company,  owners 
and  proprietors  of  the  Bourbon  Ibmace."  During  the  erection  of  the  tai- 
nace,  and  afterwards  while  the  bands  employed  by  the  company  were  dig- 
ging ore,  the  workmen  hud  to  be  guarded  by  men  with  guns  against  the 
Indians;  hence  it  became  neceesary  to  build  a  strong  block-house  on  the 
principal  ore  bank  for  (he  better  security  of  the  laborers.  The  first  blast 
made  by  the  furnace  was  in  1792. 

On  March  it,  1795,  Geoj^*  Thompion,  Colonel  George  Nicholas,  John 
Breckinridge,  and  John  Hoi  lings  wortli  became  members  of  the  company, 
adding  to  its  capital  lands  and  other  property  equal  in  value  to  the  origi- 
nal investment  On  June  27,  1708.  Christopher  Greenup  sold  his  interest 
to  George  Nicholas  and  Waller  Beall.  In  July,  17!>9,  George  Nicholas  died. 
On  January  15,  1800,  Walter  Beall  sold  his  interest  to  Colonel  Thomas  I)ye 
Owings,  a  son  of  John  Cockey  Owings,  who  had  inherited  liis  father's  inter- 
est. In  180(1  Colonel  Owings  became  the  sole  owner  of  Bourbon  furnace. 
He  operated  it  succeesftilly  ontil  1822,  when  he  became  involved  in  debt 
and  was  compelled  to  make  an  assignment.  The  fbrnacc  was  then  oper- 
ated by  trustees  for  several  years,  when  it  was  sold  for  the  benefit  of  the 
creditors,  passing  into  the  hands  of  Robert  Wicklifle,  of  Lexington,  Ken- 
tucky, who  leased  it  to  Major  John  C.  Maeon  and  Samuel  Herndon,  who 
operated  it  until  August,  1830,  when  its  last  blast  came  to  an  end.  The 
Btack  is  still  standing. 

The  owners  of  Bourbon  fiimace  built  Slate  forge,  on  Slate  creek,  three 
miles  above  the  furnace,  in  179S,  to  convert  its  pig  iron  into  bar  iron.  This 
forge  was  in  operation  until  1818.  Maria  forge,  three  miles  above  the  mouth 
of  Slate  creek,  was  Imilt  for  the  same  purpose  in  1810  by  Joseph  and  Car- 
lisle Harrison.     It  was  in  operation  until  1840. 

BoorboD  fUmace  used  the  Clinton  ore  &om  two  banks  two  miles  south 
of  the  furnace— one  called  the  Howard  hill  bank  and  the  other  culled  the 
Block-house  bank.  The  water-power  flimished  by  Slale  creek  was  often 
insufficient  to  keep  the  furnace  working  regularly.  The  production  of  the 
furnace  was  about  three  tons  per  day.  The  iron  made  at  the  furnace  bad 
a  poor  reputation  for  strength,  but  it  was  very  hard,  which  was  due  to  the 
lai^  amount  of  phosphorus  it  contained, 

Bourbon  fiimace  sujiplied  the  early  settlers  of  Kentucky  with  all  the 
castings  they  needed,  such  as  heating  stoves,  cooking  utensils,  flat-irons, 
etc.  After  Slale  forge  was  built  the  blacksmiths  of  the  State  were  supplied 
by  it  with  bar  iron.  The  <AuitingB  and  bar  iron  were  hauled  in  wagons  to 
all  parts  of  the  State,  and  distributed  through  the  principal  stores  in  the 
towns.  There  ore  many  heating  stoves  and  cooking  utensils  still  in  use  in 
Kentucky  that  were  made  at  this  furnace.  Products  of  the  fiimace  and 
the  forge  were  also  hauled  to  Licking  river,  a  distance  of  seven  miles,  and 
put  into  flat-boats  and  floated  to  Cincinnati  and  Louisville  on  the  Ohio. 

In  1810  Colonel  Owings  bad  a  contract  with  the  United  States  Uos*era- 
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inent  to  furnish  cannon  tialle,  graix;  shot,  etc.,  to  the  navy.  He  aleo  fiir- 
nisheii  General  Jarkson  with  cannon  balls,  iirape  shot,  chain  shot,  etc^  to 
nee  against  the  firitieh,  and  they  were  so  used  at  the  battle  of  New  Orleans 
on  the  8th  of  January,  1815.  I  have  in  my  possession  the  original  receipt 
of  General  Jackeon's  sergeant-inajor  for  the  cannon  balls,  etc.,  and  also  the 
receipts  of  several  naval  officers. 

The  owners  of  Bourbon  fiimace  carried  on  a  large  general  store.  They 
brought  their  goods  from  Philadelphia.  The  Kentucky  merchant  in  those 
early  days  traveled  all  the  way  to  Philadelphia  on  liotseback,  carrying  in 
aaddle-bi^  the  silver  to  pay  for  bis  ^aoAs.  They  brought  their  goods  in 
wagons  to  Pittsburgh,  thence  down  the  (Ihio  on  flat-boats  to  the  mouth  of 
the  Limestone,  now  Maysville,  in  JIaaon  count>',  Kentucky,  and  thence 
hauled  tbeni  to  the  [iirnacc,  a  distance  of  forty-five  miles.  The  company 
also  built  and  carried  on  a  grist  mill,  which  had  a  widely  extended  custom. 

The  founders  and  early  owners  of  Bourbon  furnace  were  all  remark- 
able men,  and  their  names  are  among  the  most  eminent  in  the  history  of 
Kentucky.  Jacob  Myere,  the  pioneer,  was  a  Genuan,  and  a  man  of  very 
fine  flense.  Christopher  Greenup  was  a  Virginian  by  birth,  a  soldier  in  the 
Revolution,  a  member  of  CongresH  from  Kentucky  in  1792,  and  Governor 
of  Kentucky  from  1804  to  ISOS.  Greenup  county  was  named  after  him. 
He  died  in  1818  in  his  flflth  year.  George  Nicholas  was  a  Virginian  by 
birth,  and  a  great  lawyer  and  a.  great  statesman.  He  was  a  soldier  in  the 
Revolution,  was  a  member  of  the  convention  to  frame  a  Constitution  for 
Kentucky,  was  the  author  of  that  instrument,  and  was  the  first  Attorney- 
General  of  the  Stale.  John  Breckinridge  was  a  Virginian  by  birtli,  and 
was  the  author  of  the  Kentucky  Resolutions  of  17^8.  He  was  a  United 
States  Senator  from  Kentucky  in  1801,  and  was  appointed  Attorney-Gen- 
eral of  the  Unite.1  States  in  1805.  He  was  the  grandfather  of  Vice-Prew- 
dent  John  C.  Breckinridge.  Walter  Beall  and  Willis  Green  were  aurveyow 
from  Virginia,  and  the  latter  hold  various  local  ofHcos  in  Kentucky.  John 
Cockey  Owings  was  a  large  landholder  in  Maryland. 

The  original  of  the  following  memorandum  was  handed 
to  the  editor  of  the  Portsmouth  (Ohio)  Tribune  in  1880  by 
Mr.  L.  C,  Robinson.     It  refers  to  Bourbon  furnace. 

Kkntiicky,  i».  ;  Memorandum  of  an  Agreement  made  and  Concluded 
upon  tliis  day  between  John  Cockey  t)wing8  it  Co.,  in  Iron  Works  at  the 
Bourbon  Furnace  of  the  one  part,  and  Robert  Williams  (potter)  of  the  other 
part,  Witneseeth  that  the  aforesaid  Company  doth  this  day  agree  to  give 
the  said  Williams  five  pounds  p.  month  for  three  months'  work  and  to  find 
hun  provisions  dm'ing  the  time  he  shall  work  until  the  three  months  are 
expired,  and  said  Company  doth  further  ^ree,  in  case  the  furnace  is  not 
ready  to  blow  before  or  at  the  expiration  of  the  three  months,  if  the  water 
will  admit,  or  as  soon  as  the  water  will  admit  after  that  lime,  to  give  him  p. 
month  as  much  as  he  can  make  in  a  month  at  the  potting  Business  for  such 
time  as  saiil  Furnace  may  not  be  Ready  to  put  in  Blast — as  witness  our 
hands  this  second  day  of  June,  1703.  Jn.  Cockkv  Owinos. 

Walter  Beall, 

Test:  Jno.  Mockbee.  Cfihist  Greesup. 


For  a  number  of  years  after  1800  the  iron  industry  of 
Kentucky  made  steady  progress.  Tench  Coxe  mentions  four 
furnaces  and  three  forges  in  1810.  One  furnace  was  in 
Estill  county,  one  in  Wayne,  and  two  were  in  Montgomery. 
One  of  the  forges  was  in  Estill  county,  one  in  Wayne,  and 
one  in  Montgomery.  His  enumeration,  however,  is  incom- 
ytlete,  no  mention,  for  instance,  being  made  of  the  iron  en- 
terprises in  Bath  county,  which  were  in  operation  long  after 
ISIO.  In  the  same  year,  or  soon  afterwards,  there  were  four 
nail  factories  at  Lexington,  making  seventy  tons  of  nails  an- 
nually. 

About  1815  Richard  Deering,  a  farmer  of  Greenup  coun- 
ty, smelted  in  a  cupola  the  first  iron  ore  used  in  the  Hang- 
ing Rock  district  of  Kentucky.  His  experiment  with  the  cu- 
pola proving  to  be  successful  be  took  into  partnership  David 
and  John  Trimble,  and  these  three  persons  built  in  1817  or 
1818  one  of  the  first  furnaces  in  the  district.  It  was  called 
Argillite,  and  was  located  in  Greenup  county,  about  six  miles 
southwest  of  Greenupsburg,  upon  the  left  bank  of  the  Little 
Sandy  river.  Tlie  stack,  whicli  was  25  feet  higli  and  6  feet 
wide  at  the  boshes,  was  cut  in  a  cliff  of  black  slate — hence 
the  name,  Argillite,  Lesley  says :  "  It  was  not  a  structure, 
but  an  excavation  in  tlie  solid  slate  rock  of  the  cliff,  the 
archway  below  being  excavated  to  meet  it."  This  furnace 
was  operated  only  a  few  years,  wlien  it  was  abandoned.  Its 
product  was  always  small. 

Another  early  furnace  in  this  district  was  Pactolus,  built 
by  Ward  &  McMurtry  soon  after  1818  on  the  Little  Sandy 
river,  in  Carter  county,  above  Argillite  furnace.  It  was  soon 
abandoned.  A  forge  was  connected  with  this  furnace.  An- 
other early  enterprise  in  this  district  was  Steam  furnace,  in 
Greenup  /;ounty,  situated  about  three  miles  from  the  Ohio 
river  and  five  miles  from  Greenupsburg,  It  is  said  by  Les- 
ley to  have  been  built  in  1817  by  Leven  Shreeves  &  Brother, 
It  was  operated  witli  steam.  It  was  abandoned  after  1860. 
Enterprise  furnace,  on  Tygart's  creek,  in  Greenup  county,  was 
built  in  1826,  but  Richard  Deering  is  said  to  have  erected  a 
forge  of  the  same  name  on  the  same  creek  in  1824.  Belle- 
fonte  furnace,  on  Hoofl's  creek,  two  and  a  half  miles  soutlt- 
west  of  Ashland,  in  Boyd  county,  was  built  in  1826  by  A. 
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Paull,  George  Poague,  and  others,  and  was  the  first  fumaw 
in  this  county.     It  was  in  operation  iji  1890. 

Between  1817  and  1834  at  least  thirteen  furnaces  were 
built  in  Greenup,  Carter,  and  Boyd  counties.  One  of  the 
earliest  of  these  was  Camp  Branch,  or  Farewell,  situated  ojj 
Little  Sandy  river,  fourteen  milea  from  Greenupsburg,  net 
the  Carter  county  line,  built  by  David  and  John  Trimblai 
Subsequent  to  1834  about  fifteen  other  charcoal  furnaces  well 
built  in  these  three  counties  and  in  Lawrence  county.  Moi 
of  Uie  charcoal  furnaces  of  this  district  have  been  abandoaj 
ed:  A  few  excellent  bituminous  coal  and  coke  furnaces  ha»( 
however,  been  erected  in  late  years.  Notwithstanding  thei 
additions  to  its  furnace  capacity  this  district  ia  not  now  ; 
prominent  in  the  manufacture  of  iron  as  it  has  been. 

About  1830  there  were  a  dozen  forges  in  Greenup, 
Edmonson,  and  Crittenden  counties,  all  of  which,  with   i 
exception,  were   abandoned   before  1850.      Two   forges  wero^ 
built  below  Eddyville,  in  Lyon  county,  about  1840.    All  the 
forges  mentioned  refined    pig   iron   into  blooms,  many  of 
which  found  a  market  at  Pittsburgh,  Cincinnati,  and  Kei^l 
tucky   rolling   mills.     A   few  years  ago   there  was  only 
forge  remaining  in  the  State,  Red  River,  in  Estill  county,  bill 
it  has  since  been  abandoned.     If  any  bloomaries  ever  exist 
in  Kentucky  they  were  abandoned  early  in  this  century. 

In  addition  to  the  iron  enterprises  in  the  Hanging  Rock^ 
region  of  Kentucky  furnaces  were  built  before  1860  in  sever^ 
al  of  the  middle  and  western  counties  of  the  State — in  Bath, 
Russell,  Bullitt,  Nelson,  Muhlenburg,  Lyon,  Crittenden,  Trig] 
Calloway,  and  Livingston  counties.     Two  of  these  fun 
Caney  and  Clear  Creek,  were  in  Bath  county.    In  this  i>erioi 
eight  rolling  mills  were  also  built  in  Kentucky.    The  peria 
from  about  1825  to  1860  witnessed  great  activity  in  the  devflj 
opment  of  tJie  iron  industry  of  Kentucky.    Since  the  close  ( 
the  civil  war  this  activity  has  not  been  maintained.     It  < 
not  be  said  that  tlie  State  has  devoteil  that  attention  lo  1 
manufacture  of  iron  which  its  position  and  resources  mof 
certainly  invite. 

Kentucky  was  seventh  in  the  list  of  iron  and  steel  produi 
ing  SUUa  in  1870  and  eleventh  in  1880.  In  18^0  it  vas  foui 
t«cnth  iu  rank  among  the  States  producing  pig  iron  and  i 


IBON   IN   ALL   AGES. 


287 


occupied  the  same  position  among  the  States  producing  rolled 
iron.  Of  twenty-two  furnaces  in  the  State  in  1880  eighteen 
used  charcoal  and  four  used  bituminous  coaL  In  the  same 
year  there  were  eight  rolling  mills — two  at  Covington,  two  at 
Newport,  two  at  Louisville,  one  at  Ashland,  and  one  in  Lyon 
county ;  there  were  also  two  steel  works  connected  with  the 
rolling  mills  at  Covington  and  Newport,  The  first  rolling 
mill  in  Kentucky  appears  to  have  beep  built  at  Covington  in 
1829,  a  portion  of  its  machinery  having  been  obtained  from 
thje  dismantled  Union  rolling  mill  at  Pittsburgh. 

In  1890  there  were  five  coke  furnaces  and  one  charcoal 
furnace  in  Kentucky  and  six  rolling  mills  and  one  open- 
hearth  steel  plant,  the  last  named  being  at  Covington.  A  Bes- 
semer steel  plant  was  in  course  of  erection  at  Ashland,  in  Boyd 
county.  This  place  has  in  late  years  become  prominent  as  an 
iron  centre,  having  three  active  coke  furnaces.  At  Middles- 
borough,  in  Bell  county,  an  Enghsh  company  has  recently  un- 
dertaken the  erection  of  iron  and  steel  works  on  an  extensive 
scale,  embracing  two  coke  furnaces  and  a  basic  open-hearth 
steel  plant,  none  of  which  had  been  completed  at  the  begin- 
ning of  1891.  The  South  Boston  Iron  Works  are  to  be  re- 
moved to  this  place  in  1891.  There  is  also  a  charcoal  fur- 
nace in  course  of  erection  at  Cumberland  Gap,  and  two  char- 
coal furnaces  are  also  in  course  of  erection  at  Grand  Rivers, 
in  Livingston  county. 

It  is  a  favorable  sign  that  the  coking  coals  of  Kentucky 
are  now  in  a  fair  way  to  be  developed  on  an  extensive  scale. 


The  first  settlers  of  Tennessee  erected  iron  works  within 
its  limits  soon  after  the  close  of  the  Revolution.  Bishop  says 
that  a  blooraary  was  built  in  1790  at  Embreeville,  in  Washing- 
ton county.  At  Elizabethton,  on  Doe  river,  in  Carter  county, 
a  bloomary  was  built  about  1795.  Wagner's  bloomary,  on 
Roane  creek,  in  Johnson  county,  is  said  to  have  been  built 
in  this  year,  A  bloomary  was  also  erected  on  Camp  creek,  in 
Greene  county,  in  1797,  Two  bloomaries  in  Jefferson  county 
— the  Mossy  Creek  forge,  ten  miles  north  of  Dandridge,  and 
Dumphng  forge,  five  miles  west  of  Dandridge — were  built  in 
the  same  year.  About  the  same  time,  if  not  earlier,  David 
Ross,  the  proprietor  of  iron  works  in  Campbell  county,  Vir- 
ginia, erected  a  large  furnace  and  forge  at  the  junction  of  the 
^wo  forks  of  the  Holston  river,  in  Sullivan  county,  near  the 
Virginia  line,  on  "the  great  road  from  Knoxville  to  Phila- 
delphia." Bishop  states  an  interesting  fact  in  the  following 
words :  "  Boats  of  twenty-five  tons  burden  could  ascend  to 
Ross's  iron  works,  nearly  1,000  miles  above  the  mouth  of  the 
Tennessee,  and  about  280  above  Nashville,  At  Long  Island, 
a  short  distance  above,  on  the  Holston,  where  the  first  per- 
manent settlement  in  Tennessee  was  made  in  1775,  boats  were 
built  to  transport  iron  and  castings  made  in  considerable 
quantities  at  these  works,  with  other  produce,  to  tlie  lower 
settlements  and  New  Orleans."  A  bloomary  was  built  about 
1795  below  the  mouth  of  the  Watauga,  and  another  at  the 
same  time  about  twenty-five  miles  above  the  mouth  of  French 
Broad  rive^  and  thirty  miles  above  Knoxville. 

All  the  above-men tionerl  enterprises  were  in  East  Ten- 
nessee. In  West  Tennessee  iron  was  also  made  in  the  last 
decade  of  the  last  century.  Nashville  was  founded  in  1780, 
and  a  few  years  later  iron  ore  was  discovered  about  thirty 
miles  west  of  the  future  city.  In  1792  Cumberland  furnace 
was  erected  on  Iron  fork  of  Barton's  creek,  in  Dickson  county, 
ilea  nortliwest  of  Charlotte,  by  James  Robinson.   This 


furnace  was  rebuilt  in  1825,  and  was  in  operation  in  1888. 
Dickson  county  and  its  neighbors,  Stewart  and  Montgomery 
counties,  afterwards  became  very  prominent  in  the  manu- 
facture of  charcoal  pig  iron.  Other  counties  in  tlie  same  sec- 
tion of  the  State  have  also,  but  in  a  less  conspicuous  degree, 
made  iron  in  charcoal  furnaces.  The  first  furnace  in  Mont- 
gomery county  was  probably  Yellow  Creek,  situated  fourteen 
miles  southwest  of  Clarkaville,  and  built  in  1802. 

The  iron  industry  of  Tennessee  made  steady  progress 
after  the  opening  of  the  present  century.  Both  furnaces  and 
bloomaries  multiplied  rapidly.  In  1856  Lesley  enumerated 
over  seventy-five  forges  and  bloomaries,  seventy-one  furnaces, 
and  four  rolling  mills  in  Tennessee,  each  of  which  had  been 
in  operation  at  some  time  aft«r  1790.  Of  the  furnaces  twen- 
ty-nine were  in  East  Tennessee  and  forty-two  in  Middle  and 
West  Tennessee.  Fourteen  of  the  latter  were  in  Stewart  coun- 
ty, twelve  in  Montgomery,  seven  in  Dickson,  two  in  Hick- 
man, two  in  Perry,  two  in  Decatur,  two  in  WajTie,  and  one  in 
Hardin  county.  There  were  at  one  time  forty-one  furnaces  on 
the  Cumberland  river  in  Tennessee  and  Kentucky.  The  fur- 
naces in  East  Tennessee  were  mainly  in  Sullivan  and  Carter 
counties,  Sullivan  having  five  and  Carter  seven ;  but  John- 
son, Washington,  Greene^  Cocke,  Sevier,  Monroe,  Hamilton, 
Claiborne,  Campbell,  Grainger,  and  Union  counties  each  had 
one  or  two  furnaces,  while  Roane  county  had  three.  There 
was  an  early  furnace  in  Polk  county,  which  is  not  noted  by 
Lesley  but  is  mentioned  by  Bishop.  The  forges  and  blooma- 
ries were  mainly  located  in  East  Tennessee.  Johnson  county 
contained  fifteen,  Carter  ten,  Sullivan  six,  Washington  three, 
Greene  ten,  Campbell  seven,  Blount  four,  Roane  seven,  Rhea 
three,  and  a  few  other  counties  one  and  two  each.  Nearly  all 
of  these  were  bloomaries.  In  West  Tennessee  there  were  leas 
than  a  dozen  refinery  forges  and  one  or  two  bteomaries.  The 
forges  of  West  Tennessee,  like  those  of  Kentucky,  were  large- 
ly employed  from  about  1825  to  1860  in  the  manufacture  of 
blooms  for  rolhng  mills,  many  of  which  found  a  market  in 
the  Ohio  valley.  Most  of  the  furnaces  and  all  of  the  forges 
enumerated  by  Lesley  have  long  been  abandoned,  and  all  of 
the  bloomaries  except  two  or  three  have  also  been  abandoned. 
There  are  now  in  Tennessee  ten  charcoal  furnaces. 
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In  1883  there  were  in  this  State  eight  coke  furnaces,  all  of 
recent  origin,  four  rolling  mills,  and  two  steel  works.  In  1890 
there  were  ten  completed  coke  furnaces  and  several  Imilding, 
four  rolling  mills,  and  three  steel  works,  two  of  which  were 
connected  with  the  rolling  mills.  Cumberland  rolling  mill, 
on  the  left  bank  of  the  Cumberland  river,  in  Stewart  county, 
was  built  in  1829  and  was  probably  the  first  rolling  mill  in 
tlie  State.     It  was  the  only  one  in  Tennessee  as  late  as  1856, 

Since  the  close  of  the  civil  war  Chattanooga  has  become 
the  most  prominent  iron  centre  in  Tennessee,  having  several 
iron  enterprises  of  its  own  and  others  in  its  vicinity.  Prior 
to  tlie  war,  in  1854,  Bluff  furnace  had  been  built  by  Robert 
Cravens,  James  A.  Whiteside,  and  James  P,  Boyce,  to  use 
charcoffl.  In  1857  Lesley  said  of  this  furnace :  "  The  bitu- 
minous coal  of  the  Raccoon  mines,  now  leased  and  worked 
by  the  Etna  Mining  Company,  can  be  brought  to  the  fur- 
nace by  railway;  it  is  excellent  for  coke,  and  some  thoughts 
are  entertained  of  turning  the  present  furnace  into  a  coke 
furnace."  In  1859  the  limestone  stack  was  torn  down  by  the 
East  Tennessee  Iron  Company,  of  wliich  James  Henderson, 
of  New  York,  was  the  manager,  and  a  new  iron  cupola  stack, 
11  feet  wide  at  the  boshes,  was  erected  in  its  place,  and  Rac- 
coon coke  was  thereafter  used  as  fugl.  The  new  furnace  was 
blown  in  in  May,  18G0,  but  owing  to  a  short  supply  of  coke 
the  blast  lasted  only  long  enough  to  permit  tlie  production  of 
about  500  tons  of  pig  iron.  All  the  machinery  and  apix)int- 
ments  of  the  furnace  worked  satisfactorily.  The  furnace  was 
started  on  a  second  blast  on  the  6th  of  November,  the  day  of 
the  Presidential  election,  but  political  complications  and  the 
demoralized  state  of  the  furnace  workmen  were  obstacles  t«o 
great  to  be  overcome,  and  the  furnace  soon  chilled  from  the 
cause  last  mentioned,  and  in  December  Mr.  Henderson  aban- 
doned the  entei^rise  and  returned  to  New  York.  In  the  sum- 
mer of  1802,  before  the  Union  troops  took  possession  of  Chat- 
tanooga, the  machinery  of  the  furnace  was  removed  to  Ala- 
bama by  Giles  Edwards,  who  used  it  in  the  equipment  of  a 
small  charcoal  furnace  near  the  site  of  the  present  town  of 
Anniston.  This  furnace  was  active  for  about  two  years.  The 
stack  of  the  furnace  at  Chattanooga  was  used  by  the  Union 
troops  as  a  hme  kiln,  by  whom  it  waS  subsequently  torn  dovn. 
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This  was  the  first  coke  furnace  in  either  of  tlie  States  of 
Tennessee  or  Alabama,  which  are  now  the  theatre  of  such 
great  present  and  prospective  activity  in  the  manufacture  of 
pig  iron  with  tliis  fuel 

Tlie  first  coke  furnace  that  was  huilt  in  the  South  after 
the  war  was  the  first  of  the  two  Rockwood  furnaces,  at  Rock- 
wood,  Roane  county,  Tennessee.  This  furnace  was  huilt  in 
1867  by  the  Roane  Iron  Company,  of  which  General  J.  T. 
Wilder  and  Captain  H.  8.  Chamberlain  were  the  leading 
spirits.    It  was  successful  from  the  start  and  is  still  active. 

At  the  beginning  of  the  war,  in  1861,  S.  B.  Lowe  com- 
menced the  erection  of  the  Vulcan  rolling  mill  at  Chatta- 
nooga, to  roll  bar  iron.  This  mill  was  not  finished  in  1863, 
when  it  was  burned  by  the  Union  forces.  Mr.  Lowe  rebuilt 
the  mill  in  1866.  It  was  owned  and  operated  by  the  South 
Tredegar  Iron  Company  in  1890.  In  1864  a  rolling  mill  to 
re-roll  rails  was  built  by  the  United  States  Government,  un- 
der the  supervision  of  John  Fritz,  then  superintendent  of 
the  Bethlehem  iron  works.  It  was  afterwards  owned  and  op- 
erated by  tlie  Roane  Iron  Company.  The  first  open-hearth 
steel  made  in  any  Southern  State  was  made  by  the  Siemens- 
Martin  process  at  Chattanooga  by  this  company  on  the  6th 
day  of  June,  1878,  and  in  Beeember  of  the  same  year  the 
first  steel  rails  ever  made  in  the  South  were  rolled  at  its 
works.  Subsequently  Bessemer  ateel  works  were  built  by 
this  company,  its  supply  of  pig  iron  coming  from  the  Rock- 
wood  furnaces  and  the  iron  ore  coming  from  the  Cranberry 
mines.  They  made  their  first  blow  on  May  7,  1887,  and  on 
that  day  the  first  Bessemer  steel  rail  ever  made  in  the 
South  outside  of  Wheeling  was  successfully  rolled  at  these 
works,  but  the  rolling  of  steel  rails  by  this  company  has  not 
since  been  actively  continued.  The  first  basic  open-hearth 
steel  ever  made  in  Tennessee  was  made  at  the  works  of  this 
company  by  the  Southern  Iron  Company  on  the  15th  of  Sep- 
tember, 1890.  Lookout  rolling  mill  was  built  by  the  Tennes- 
see Iron  and  Steel  Company  in  1876,  and  was  started  in  Oc- 
tober of  that  year.  Lewis  Scofield  was  at  the  time  the  presi- 
dent of  the  company. 

S.  B.  Lowe  died  at  Chattanooga  on  April  13,  1891,  aged 
about  63  yeurs. 
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The  prominence  of  Chattanooga  as  an  iron  centre  is  in 
part  due  to  the  excellent  bituminous  coal  which  is  found  in 
the  neighborhood  and  in  part  to  its  superior  transportation 
facilities.  Next  to  Chattanooga  the  most  prominent  iron  cen- 
tre in  Tennessee  is  Knoxville,  which  has  a  varied  and  pros- 
perous iron  industry.  The  Knoxville  Car  Wheel  Company 
many  years  ago  established  a  high  reputation  for  itd  car 
wheels,  which  were  made  from  pig  iron  produced  frbm  lim- 
onite  ores  at  Carter  and  other  furnaces  in  East  Tennessee. 
Nashville  and  South  Pittsburg  are  also  growing  iron  centres. 

Carter  furnace,  on  Stony  creek,  a  branch  of  the  Watauga, 
was  abandoned  a  few  years  ago.  It  was  one  of  the  last  fur- 
naces in  the  country  to  obtain  its  blast  from  a  pair  of  square 
wooden  cylinders,  or  "  tubs,"  driven  by  water-power.  The 
pioneer  Cumberland  furnace,  which  was  built  in  1792,  was 
blown  by  a  tronipe, 

Tennessee  is  destined  to  become  much  more  prominent  in 
the  manufacture  of  iron  than  it  has  ever  been.  It  will  owe 
this  prominence  partly  to  the  abundance  of  good  bituminous 
coal  which  it  possesses,  but  partly  also  to  the  improvements 
in  the  manufacture  of  charcoal  pig  iron  which  have  already 
been  adopted  in  many  instances  in  this  State,  and  partly  to 
the  adaptability  to  the  basic  steel  process  of  pig  iron  made 
from  its  ores.  Of  the  good  quality  of  Tennessee  ores  for 
general  purposes  nothing  needs  to  be  said. 


THE  MANUFACTURE  OF  IRON   IN  ALABAMA. 


The  oldest  furnace  in  Alabama  mentione*!  by  Lesley  was 
built  about  1818  a  few  miles  west  of  Rusaellville,  in  Franklin 
county,  and  abandoned  in  1827.  This  unsuccessful  venture 
appears  to  have  had  a  dispiriting  effect  on  other  schemes  to 
build  furnaces  in  Alabama,  as  we  do  not  hear  of  the  erection 
of  any  others  for  many  years  after  it  was  abandoned.  A  fur- 
nace was  built  at  Polksville,  in  Calhoun  county,  in  1843  ;  one 
at  Round  Mountain,  in  Cherokee  county,  in  1853 ;  and  Shelby 
furnace,  at  Shelby,  in  Shelby  county,  in  1848.  These  were  all 
charcoal  furnaces,  and  were  the  only  ones  in  Alabama  enu- 
merated by  Lesley  in  1850.  The  total  product  in  that  year  of 
the  three  last-named  furnaces  was  1,495  gross  tons  of  pig  iron. 
Slielby  furnace  was  built  by  Horace  Ware,  who  many  years 
afterwards  added  a  small  foundry  and  a  small  mill  for  roll- 
ing cotton-ties  and  bar  iron.  The  furnace  was  burned  in 
1858,  but  was  immediately  rebuilt.  The  mill  was  commenc- 
ed in  1859,  and  on  the  11th  of  April,  1860,  the  first  iron  was 
rolled.  It  was  burned  in  1865  by  General  Wilson's  com- 
mand of  Union  cavalry  and  has  not  been  rebuilt.  Part  of 
the  machinery  was,  however,  removed  to  Helena,  in  Shelby 
county,  a  few  years  afterwards,  where  a  rolling  mill  was  built 
in  1872  and  is  now  in  operation.  In  place  of  the  original  fur- 
nace at  Shelby  there  are  now  two  modem  charcoal  furnaces. 

Alabama  had  a  bloomary  two  and  a  half  miles  southwest 
of  Montevallo,  in  Shelby  county,  in  1825 ;  several  bloomaries 
in  Bibb  county  between  1830  and  1840 ;  one  in  Talladega 
county  in  1842;  two  in  Calhoun  county  in  1843:  and  others  in 
various  counties  at  later  periods.  In  1856  Lesley  mentioned 
seventeen  forges  and  bloomaries,  mostly  the  latter,  as  having 
been  built  at  various  periods  prior  to  that  year,  about  one- 
half  of  which  were  then  in  operation,  producing  252  tons  of 
blooms  and  bar  iron.  Since  1856  all  these  forges  and  blooma- 
ries in  Alabama  have  disappeared.  Most  of  them  were  blown 
with  the  trompe  and  the  remainder  with  wooden  "  tubs." 
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It  will  be  noticed  that  as  late  as  1856  Alabama  possessed 
a  very  small  iron  industry.  During  the  civil  war  several 
new  iron  enterprises  were  undertaken.  A  furnace  in  Sanford 
county  was  built  in  1861 ;  Cornwall  furnace,  at  Cedar  Bluff, 
in  Cherokee  county,  was  built  in  1862 ;  a  second  Shelby  fur- 
nace, in  Shelby  county,  to  take  the  place  of  the  original  stack, 
was  built  in  1863  ;  Alabama  furnace,  in  Talladega  county,  was 
built  in  1863,  burned  by  Genera!  Wilson  in  April,  1865,  and 
rebuilt  in  1873.  Two  furnaces  and  a  small  rolling  mill  were 
built  at  Brierfield,  in  Bibb  coimty,  in  1863  and  1864.  AH 
the  furnaces  were  built  to  use  charcoal.  The  Brierfield  roll- 
ing mill  was  first  used  for  rolling  bar  iron  and  rails.  In  1863 
or  early  in  1864  it  was  sold  to  the  Confederate  Government, 
by  which  it  was  operated  until  1865,  when  it  was  burned  by 
the  Union  troops  under  General  Wilson.  It  was  rebuilt  aft«r 
the  war,  and  for  some  time  was  used  to  roll  bar  iron  and 
cotton-ties,  principally  the  latter.  This  mill  was  again  re- 
built in  1882  and  1883. 

The  following  interesting  history  of  the  Shelby  furnace 
and  rolling  mill,  and  of  the  part  taken  by  them  in  supply- 
ing the  Southern  Confederacy  with  iron  for  its  military  op- 
erations, was  sent  to  ua  in  1888  by  the  assistant  secretary  of 
the  Shelby  Iron  Company,  Mr.  E.  T.  Witherby. 

The  flist  btaet  furnace  erected  here  went  into  blast  in  1S43.  Horace 
Ware  wua  its  proprietor.  In  1854  Mr.  Rol>ert  Thomas  made  iron  in  a  forge 
near  here.  This  iron  waa  sent  to  England  and  returned  in  razon  and 
knives.  In  1859  Mr,  Ware  b^an  the  erection  of  a  rolling  mill.  It  was 
completed  and  etaited  in  the  spring  of  1S80.  In  1862  Mr.  Ware  sold  his 
property  to  the  Shelby  County  Iron  Maniifiicturing  Company,  which  erect- 
ed n  new  fUmace,  the  one  which  we  liave  recently  torn  down,  and  on 
whose  site  we  are  erecting  a  new  slock.  The  rolling  mill  was  enlarged  In 
1862  and  was  operated  continuously  until  March  31,  1865,  when  it  was  de- 
stroyed by  General  Wilson  of  the  Union  army.  It  was  in  this  mill,  in 
1864,  that  the  plates  were  rolled  for  the  armor  of  the  ironclad  ram  Ten- 
neaee.  .ladge  .Tames  W.  I^Apsley,  one  of  the  stockholders  and  directors  of 
the  present  hihelby  Iron  Company,  was  nuwle'  a  prisoner  by  the  Union 
forces  in  186S  while  in  Kentucky  looking  for  jiuddlers  for  this  mill. 

When  1  came  here,  nearly  twenty  years  ago,  we  had  plates,  merchant 
bars,  and  strap  rails  on  hand  made  entirely  of  Shelby  iron  and  rolled  in 
this  mill.  Some  of  the  plates,  known  l«  us  now  as  the  "gunboat  iron," 
are  stOl  in  our  store  house,  but  they  have  been  slowly  disappearing  under 
the  demand  of  our  blacksmiths  for  an  "  eitra  good  piece  of  iron  ''  for  "  thia 
job  "  or  "  that  iwrticular  place,"  etc.     Some  of  these  plates  are  R  inches  by 
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3  inches  and  otiiere  11  inchw  by  3  iuclieB,  and  of  varimiH  leiigtfis ;  'iri;,"- 
tniilly  Ibey  were,  jierhaps,  10  feet  long. 

Shelby  pig  iron  vae  alHO  shipped  to  the  Confeilerate  areeDul  und  found- 
ry at  ^.Ima.  AUImma,  in  ISM,  where  the  Teiini^tnv  was  constructed  and 
filled  out.  This  iron  doubtlves  went  into  guns  and  other  caetinge  for  this 
Tespel.  C^teeby  ap  Jones  was  supeiintendent  of  Uie  araenal,  and  wilh  his 
senior  in  mnk,  Franklin  Buchanan,  both  pupile  of  that  sea-god,  Matthew 
CalbraJth  Perry,  wrought  out  the  Tentte»»ec.  They  were  as  fiill  of  progress- 
ive ideaa  regarding  steam  and  arroor  as  their  master,  and  nothing  but  the 
sranty  mMuia  at  their  disposal  prevented  a  much  more  formidable  ironclad 
than  llio  Teiitttt*rf  from.  Iwing  set  afloat  Car-wheel  makore  are  now  the 
exclusive  ueere  of  our  iron. 

The  existence  of  bituminous  coal  in  Alabama  was  first 
observed  in  1834  by  Dr.  Alexander  Jones,  of  Mobile,  but  little 
was  done  to  develop  the  ample  coal  reaourees  of  the  State  un- 
til after  the  close  of  the  civil  war,  when  it  was  found  that  tlie 
coal  in  the  neighborhood  of  Birmingham  and  at  other  places 
would  produce  excellent  coke  for  blast  furnaces,  and  that  at 
least  two  coat  fields — the  Black.  Warrior  and  Coosa — wore  so 
extensive  as  to  set  at  rest  all  apprehension  concerning  a  con- 
stant supply  of  coal  for  a  long  period  of  time.  These  discov- 
eries, joined  to  the  possession  of  an  abundant  supply  of  good 
ores,  at  once  gave  Alabama  prominence  as  a  State  which 
would  in  a  few  years  boast  a  large  iron  industry,  an<l  this 
promise  has  been  fulfilled,  Birmingham  is  now  the  centre 
of  the  most  extensive  manufacture  of  coke  pig  iron  in  the 
Southern  States.  There  are  also  at  Birmingham  and  its  vi- 
cinity several  rolling  mills,  all  built  during  the  last  few  years. 
The  first  rolling  mill  at  Birmingham  was  built  in  1880,  The 
rapid  growth  of  this  place  as  a  centre  of  iron  production  is 
one  of  the  marvels  of  our  vFonderful  industrial  development, 
lioth  North  and  South,  since  the  close  of  the  war.  But  the 
manufacture  of  charcoal  pig  iron  in  Alabama  has  also  grown 
rapidly  since  the  close  of  the  war,  and  the  State  can  now 
boa^t  more  charcoal  furnaces  than  ever  before  in  its  history. 

Colonel  J.  W.  Sloss  was  the  pioneer  in  the  coke  pig-iron 
industry  of  Alabama,  In  1876  he  and  his  associates  built 
the  Eureka  coke  furnace  at  Oxmoor,  Subsequently  he  was 
instrumental  in  developing  the  celebrated  Pratt  seAui  of  cok- 
ing coal.  Colonel  Sloss  was  bom  in  Alabama  in  1820  and 
died  on  May  4, 1890.  The  first  furnace  at  Birmingham  whs 
Alice  furnace,  built  by  H.  F.  DeBardeleben  in  1879  and  1880. 
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It  was  put  in  blast  on  November  23, 1880.  It  was  followed 
by  the  first  of  the  Sloss  furnaces,  which  was  put  in  blast  on 
April  12,  1882. 

As  Alabama  is  the  last  of  the  Southern  States  which  has 
an  iron  industry  worthy  of  special  consideration  we  will  here 
present  the  record  of  the  marvelous  progress  in  the  produc- 
tion of  pig  iron  made  by  all  the  Southern  ironmaking  States 
from  1880  to  1890.  In  this  table,  following  the  ante  bdlum 
geographical  divisions,  we  class  Maryland  among  the  South- 
em  States. 


Net  tons  of  2,000  pounds. 


Stater. 

188a  1882. 

Alabama. 77,190  112,765 

Tennessee... 70,873  137,602 

Virginia... 29.9M  87,731 

WestVirginU 70,338  73.220 

Kentucky. 57.708  66,522 

Cfeoigia 27,321  42,440 

Maryland 61.437  M.524 

Texas 2,500  1,321 

North  Carolina. 1,150 

TotaL 397,301  577.275 


18^ 

189,6&1 

131,597 

157,483 

55.231 

45,052 

42,655 

27,342 

5.140 

435 


1886. 

283,859 

199,166 

156,250 

98,618 

46,490 

30,502 

3,250 

2,200 


1888. 

449,492 

267,981 

197,396 

95,259 

56.790 

39,397 

17,606 

6,587 

2,400 


1889. 

791,425  i 
294.655  , 
251.356 
117,900  ' 
42,518  I 
27,559 
33,847  I 
4,544  I 
2,896 


1890. 


914,910 

299,741 

327.912 

144,970 

53,601 

32,687 

165,559 

10,865 

8,181 


657,599       875,179      1,132,858  !  1,566,702  i  1.958.459 


From  1880  to  1883  Alabama  more  than  doubled  its  pro- 
duction of  pig  iron;  from  1883  to  1888  it  was  again  more 
than  doubled ;  and  from  1888  to  1890  it  was  once  more 
doubled. 

Late  in  1890  there  were  thirty-seven  completed  coke  fur- 
naces in  Alabama  and  two  in  course  of  erection,  and  fifteen 
completed  charcoal  furnaces  and  others  that  were  projected. 
At  the  same  time  there  were  in  Alabama  eight  completed 
rolling  mills  and  others  in  course  of  erection.  There  was 
a  small  steel  plant  at  Birmingham,  and  a  larger  plant  was 
in  course  of  erection  at  Fort  Payne  and  others  were  project- 
ed. It  can  not  be  said,  however,  that  Alabama  has  yet  made 
any  noteworthy  progress  in  the  establishment  of  a  steel  in- 
dustry. Its  strength  has  thus  far  been  mainly  devoted  to  the 
manufacture  of  pig  iron. 


CHAPTER   XXX. 


PRIMITIVE  CHARACTERKTKS^   OF  THE   SOUTHERN 
IRON   INDUSTRY. 


The  establishment  at  an  early  day  of  so  many  charcoal 
furnaces  and  bloomaries  in  Western  North  Carolina  and  East 
Tennessee,  sections  of  our  country  remote  from  the  sea-coast 
and  from  principal  rivers,  is  an  interesting  fact  in  the  iron 
history  of  the  country.  The  people  who  built  these  furnaces 
and  hloomaries  were  not  only  courageous  and  enterprising 
but  they  appear  to  have  been  bom  with  a  genius  for  mak- 
ing iron.  With  scarcely  an  exception  they  were  Scotch-Irish 
emigrants  from  the  North  of  Ireland  or  their  descendants. 
Wherever  they  went  they  seem  to  have  searched  for  iron  ore, 
and  having  found  it  their  small  charcoal  furnaces  and  hloom- 
aries soon  followed,  the  furnaces  to  produce  simple  castings 
and  the  hloomaries  to  make  bar  iron.  No  pioneers  in  any 
of  the  States  of  the  Union  have  shown  more  intelhgent  ap- 
preciation of  the  value  of  an  iron  industry  than  the  people 
of  North  Carolina  and  Tennessee,  and  none  have  been  more 
prompt  to  estabhsh  it.  In  a  less  degree  but  upon  precisely 
the  same  lines  of  activity  the  pioneers  of  Northern  Georgia 
and  Northern  Alabama  have  shown  praiseworthy  enterprise. 
It  ig  true  that  the  aim  of  all  these  people  until  in  very  re- 
cent years  has  been  mainly  to  supply  their  own  wants,  but 
this  ig  a  motive  to  be  commended,  and  no  community  should 
be  found  fault  with  if  a  lack  of  capital  and  of  means  of  trans- 
portation prevents  it  from  cultivating  a  commercial  spirit. 

The  enterprise  of  the  early  ironworkers  of  all  the  States 
and  sections  above  mentioned  assumes  a  picturesque  aspect 
when  viewed  in  connection  with  the  primitive  methods  of 
manufacture  which  were  employed  by  them  and  which  have 
been  continued  in  use  until  the  present  day,  when  they  may 
be  said  to  have  at  last  yielded  to  modem  methods.  Their 
charcoal  furnaces  were  blown  through  one  tuyere  with  wood- 
en "  tubs  "  adjusted  to  attachments  which  were  slow  in  mo- 
tion and  which  did  not  make  the  best  use  of  the  water-power 
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that  was  often  msufficieutly  supplied  by  mountain  streams 
of  limited  volume,  A  ton  or  two  of  iron  a  day,  usually  in 
the  abape  of  castings,  was  a  good  yield.  The  bloomaries, 
witb  scarcely  an  exception,  were  furnished  with  the  irompe, 
or  water-blast,  a  small  stream  with  a  suitable  fall  supplying 
both  the  blast  for  the  fires  and  the  power  which  turned  the 
wheel  that  moved  the  big  hammer.  Of  cast-iron  cylinders, 
steam-power,  two  and  three  tuyeres,  the  hot-blast,  and  other 
valuable  improvements  in  the  charcoal-iron  industry  these 
people  knew  but  little,  and  that  little  was  mainly  hearsay. 
They  were  pioneers  and  frontiersmen  in  every  sense ;  from 
the  great  world  of  iuvention  and  progress  they  were  shut  out 
by  mountains  and  streams  and  hundreds  of  miles  of  un- 
subdued forest.  Nor  would  other  than  primitive  methods  of 
manufacturing  iron  have  been  adapted  to  their  wants  and 
their  isolated  condition.  It  is  to  their  credit  that  they  dil- 
igently sought  to  utilize  the  resources  which  they  found 
under  their  feet,  and  that  they  made  good  use  of  the  only 
means  for  the  accomplishment  of  this  purpose  of  which 
they  had  any  accurate  knowledge. 

It  is  a  curious  fact  that  the  daring  men  who  pushed  their 
way  into  the  wilds  of  Western  North  Carolina  and  East  Ten- 
nessee in  the  last  century,  and  who  set  up  their  small  furna- 
ces and  bloomaries  when  forts  yet  took  the  place  of  hamlets, 
founded  an  iron  industry  which  has  only  lately  yielded  the 
primitive  features  which  so  long  characterized  it.  Less  than 
ten  years  ago  there  were  furnaces  still  in  oj^eration  in  these 
sections  which  used  wooden  "  tubs,"  and  there  were  in  Ten- 
nessee about  two  dozen  bloomaries  and  in  North  Carolina  a 
dozen  or  more  which  were  in  all  respects  the  counterparts  in 
construction  of  those  which  the  pioneers  established.  Nearly 
every  one  of  those  bloomaries.  was  blown  with  the  trompe, 
and  in  all  otner  respects  they  were  as  barren  of  modem  ap- 
pliances as  if  the  world's  iron  industry  and  the  world  itself 
had  stood  still  for  a  hundred  years.  They  were  fitfully  op- 
erated, as  the  wants  of  their  owners  or  of  the  neighboring 
farmers  and  blacksmiths  required,  or  as  (he  supply  of  water 
for  the  trompes  and  hammers  would  permit,  "  Thundergust 
forges  "  is  an  irreverent  term  that  was  fretjuently  applied  to 
them.     They  furnished  their  respective  neighborhoods  with 
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iron  for  horscBhoes,  wagon-tires,  and  harrow-teeth,  Mr.  J. 
B.  Killebrew,  o£  Nashville,  informed  us  a  few  years  ago  that 
throughout  the  counties  of  Johnson  and  Carter  in  Tennessee, 
where  many  of  these  blooniaries  were  located,  bar  iron  was 
.still  used  as  currency.  He  then  said :  "  Iron  is  taken  in  ex- 
change for  shoes,  coffee,  sugar,  calico,  salt,  and  domestic  and 
other  articles  used  by  the  people  of  the  country.  It  is  con- 
sidered a  legal  tender  in  the  settlement  of  all  dues  and  lia- 
bilities. This  bar  iron,  after  being  collected  by  the  mer- 
chants, is  sent  out  and  sold  in  Knoxville,  Bristol,  and  other 
points  affording  a  market."  The  same  usage  prevailed  in 
some  other  Southern  States  not  many  years  ago,  and  it  pre- 
vailed in  many  Northern  States  long  after  they  began  to 
make  iron  a  century  or  two  ago.  In  New  England  tlie  sala- 
ries of  some  of  the  preachers  were  once  paid  in  bar  iron. 

The  explanation  of  the  survival  in  this  country  and  until 
a  late  day  of  primitive  methods  of  making  iron  which  had 
long  been  abandoned  by  progressive  communities  lies  in  the 
fact  that  the  obstacles  to  free  intercourse  with  other  communi- 
ties which  hedged  about  the  pioneers  of  whom  we  are  writing 
have  never  been  broken  down  and  have  only  recently  been 
modified.  Few  of  the  mountains  and  streams  and  forests  of 
these  sections  had  been  tunneled,  or  bridged,  or  traversed  by 
modem  means  of  communication  twenty  years  ago.  The  iron 
horse  had  made  but  slow  progress  in  bringing  this  part  of 
oar  country  into  association  with  other  sections.  There  were 
no  canals,  and  good  roads  were  scarce.  The  pioneers  were 
cut  off  by  their  isolated  situation  and  their  poverty  from  all 
intimate  relations  witli  the  outside  world. 

Until  a  few  years  ago  there  were  some  bloomaries  still 
left  in  Southwestern  Virginia  which  were  similar  in  all  re- 
spects to  those  of  Western  North  Carolina  and  East  Tennes- 
see, and  which  were  used  for  precisely  similar  purposes.  But 
the  manufacture  of  iron  in  bloomaries  was  never  so  promi- 
nent a  branch  of  the  iron  industry  of  Virginia  as  of  the 
other  two  States  mentioned.  Virginia  learned  at  an  early 
day  to  convert  the  pig  iron  of  its  furnaces  into  bar  iron  in 
refinery  forges.  It  was  settled  long  before  Western  North 
Carolina,  or  Tennessee,  or  Georgia,  or  Alabama,  and  it  had 
from  the  first  an  active  commerce  with  Europe  and  with  the 
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other  colonies  along  the  Atlantic  coast.  Its  enTirQauncsffi 
were  favorable  to  the  acquisition  of  progressive  idess  in  ^ 
manufacture  of  iron. 

But  old  things  must  pass  away,  even  in  the  iron  mdnsor 
of  the  mountain  regions  of  the  Southern  States.  The  rrazif- 
formation  in  Tennessee  and  Alabama  has  already  taken  pilML 
North  Carolina,  with  its  magnificent  iron  and  other  resonrDes. 
must  soon  feel  the  pulse  of  a  new  industrial  life.  Geciipt 
has  at  least  abandoned  methods  which  are  no  longer  pix3£i- 
able.  Before  another  century  is  far  advanced  the  sons  of 
the  people  of  whom  we  have  been  writing  will  wondfl-  that 
the  old  ways  of  making  iron  stayed  with  their  fathers  as 
long  as  they  did. 

Nevertheless  our  sympathy  goes  out  to  these  old  and  dy- 
ing ways,  which  well  served  the  people  of  this  country  in  the 
early  days.  Among  the  treasures  of  our  office  is  a  piece  of 
bar  iron,  made  in  a  Catalan  forge  in  Virginia,  which  has  the 
ring  of  the  best  steel,  and  many  of  our  readers  know  of  pois 
and  kettloH,  still  i)erfect  and  in  all  respects  of  the  neatest 
workmanship,  which  were  cast  at  the  old-fashioned  fumaoes 
and  are  now  precious  heir-looms,  having  faithfully  minister- 
(mI  to  the  wants  of  generations  that  are  now  gone. 
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CHAPTER   XXXI. 


THE   EARLY   MANUFACTURE   OF  IRON   IN   OHIO. 

The  beginning  of  the  iron  industry  of  Ohio  ia  coteuipo- 
rary  with  the  admission  of  the  State  into  the  Union.  It  was 
admitted  in  1802,  and  in  1803  its  first  furnace,  Hopewell,  was 
commenced  by  Daniel  Eaton,  and  in  1804  it  was  finished. 
The  furnace  stood  on  the  west  side  of  Yellow  creek,  about 
one  and  a  quarter  miles  from  its  junction  with  the  Mahoning 
river,  in  the  township  of  Polanil,  in  Mahoning  comity.  On 
the  same  stream,  three-fourths  of  a  mile  from  its  mouth, 
and  on  the  farm  on  which  tlie  furnace  of  the  Struthers  Fur- 
nace Company  now  stands,  in  the  town  of  Struthers,  another 
furnace  was  built  in  1806  by  Robert  Montgomery  and  John 
Struthers.  This  funiace  was  called  Montgomery.  Thomas 
Struthers  says:  "These  furnaces  were  of  about  equal  capac- 
ity, and  would  yield  about  two  and  a  half  or  three  tona  each 
per  day.  The  metal  was  principally  run  into  moulds  for 
kettles,  bake-ovens,  flaHrons,  stoves,  andirons,  and  such  other 
articles  as  the  needs  of  a  new  settlement  required,  and  any 
surplus  into  pigs  and  sent  to  the  Pittsburgh  market."  The 
ore  was  obtained  in  the  neighborhood.  Hopewell  furnace  is 
said  by  Mr.  Struthers  to  have  bad  a  rocky  bluff  for  one  of  its 
sides.  It  was  in  operation  in  1807,  but  it  was  soon  afterwards 
blown  out  finally.  Moutgouiery  funiace  was  in  operation  un- 
til 1812,  when,  Mr.  Struthers  says,  "  the  men  were  drafted  into 
the  war  and  it  was  never  started  again."  This  furnace  stood 
"on  the  north  side  of  Yellow  creek,  in  a  hollow  in  the  bank." 
We  are  informed  by  Hon.  John  M.  Edwards,  of  Youngatomi, 
that  about  1807  Hopewell  furnace  was  sold  by  Eaton  to  Mont^ 
gomery,  Clendenin  &  Co..  who  were  then  the  owners  of  Mont- 
gomery furnace,  John  Struthers  having  sold  bis  interest  in 
this  furnace,  or  part  of  it,  to  David  Clendenin  in  1807  and 
Robert  Alexander  Eind  James  Mackey  having  about  the  same 
time  become  part  owners.  > 

The  above-mentioned  enterprises  were  the  first  furnaces  in 
Ohio,  and,  as  will  be  observed,  they  were  both  on  the  West- 


ern  Reserve.  There  were  other  early  iron  enterprises  on  the 
Reserve.  At  Nileatown,  now  Niles,  in  Trumbul!  county,  as 
we  are  informeii  by  Colonel  Charles  Whittlesey,  of  Cleveland, 
James  Heatoii  built  a  forge  in  1809,  for  the  manufacture  of 
bar  iron  from  "  the  pig  of  the  Yellow  Creek  furnace,"  MonU 
gomery  furnace.  "This  forge  produced  the  first  hammered 
bars  in  the  State,"  It  continued  in  operation  until  1838. 
About  1812  James  Heaton  built  a  furnace  at  Nileatown,  near 
the  mouth  of  Mosquito  creek,  where  the  Union  school  build- 
ing now  stands.  It  was  called  Mosquito  Creek  furnace.  For 
many  years  it  used  bog  ore,  tlie  product  being  stoves  and 
other  castings.  It  was  in  operation  until  1856,  when  it  was 
abandoned. 

About  1816  Aaron  Norton  built  a  furnace  at  Middlebury, 
near  Akrou,  in  Summit  county,  and  in  1819  Asaph  Whittle- 
sey built  a  forge  on  the  Little  Cuyahoga,  near  Middlebury. 
A  furnace  at  Tallmadge,  in  the  same  county,  was  built  about 
the  same  time.  These  two  fumacea  were  in  operation  until 
about  1835.     Bog  ore  was  used. 

The  beginning  of  the  iron  industry  in  the  counties  on 
Lake  Erie  probably  dates  from  1825,  when  Arcole  furnace  was 
built  in  Madison  township,  in  the  present  county  of  Lake,  by 
Root  &  Wheeler.  Concord  furnace,  in  the  same  county,  was 
built  by  Fields  &  Stickney  about  1828.  In  1830  John  Wil- 
keson  became  the  ownier  of  Arcole  furnace.  Geauga  furnace, 
one  mile  north  of  Painesville,  in  Lake  county,  and  Railroad 
furnace,  at  Perry,  in  Geauga  county,  were  built  about  1828, 
the  former  by  an  incorporated  company  and  the  latter  by 
Thomdike  &  Drury,  of  Boston.  During  the  next  ten  or 
twelve  years  many  other  furnaces  were  built  near  Lake  Erie, 
in  Ashtabula,  Cuyahoga,  Erie,  Huron,  and  Lorain  counties. 
At  a  still  later  period  other  charcoal  furnaces  were  built  in 
the  lake  counties.  All  these  lake  furnaces,  writes  John  Wii- 
keson  in  1858,  "  were  blown  some  eight  months  each  year, 
and  made  about  30  tons  per  week  of  metal  from  the  bog  ore 
found  in  swales  and  swamps  near  and  generally  to  the  north 
of  a  ridge  of  land  which  was  probably  once  the  sliore  of  Lake 
.  Erie,  found  extending,  with  now  and  then  an  interval,  along 
from  the  west  boundary  of  the  State  of  New  York  to  the 
Huron  river  in  Ohio.     The  want  of  wood  for  charcoal,  conse- 
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quent  upon  the  clearing  up  of  the  land,  has  occasioned  the 
stoppage  of  most  of  these  works.  For  a  long  time  the  set^ 
tiers  upon  the  shores  of  Lake  Erie  and  in  the  State  of  Mich- 
igan were  supplied  with  their  stoves,  potash  kettles,  and  other 
castings  by  these  works." 

All  of  the  above-mentioned  iron  enterprises  were  on  the 
Western  Reserve.  Just  outside  of  its  limits  Gideon  Hughes 
built  a  furnace  in  1807  or  1808,  on  the  Middle  fork  of  Little 
Beaver  creek,  one  and  a  half  miles  northwest  of  Mew  Lisbon, 
in  Columbiana  county.  It  was  in  operation  in  1808  and  1809, 
It  was  first  called  Rebecca  of  New  Lisbon,  but  was  afterwards 
named  Dale  furnace.  Attached  to  this  furnace  a  few  years 
after  its  erection  was  a  forge,  which  was  used  for  making  bar 
iron.  John  Frost,  of  New  Lisbon,  to  whom  we  are  indebted 
for  this  information,  also  writes  us  that  "some  two  or  three 
miles  up  the  same  stream  Mr.  Hughes  and  Joshua  Malin 
erect&l  a  rolling  mill  in  1822,  to  which  a  company  of  Eng- 
lishmen, said  to  be  from  Pittsburgh,  not  long  afterwards 
added  nail-making  machinery.  In  addition  to  manufacturing 
bar  iron  these  works  placed  large  quantities  of  nails  in  the 
market.  This  concern  was  more  or  less  active  till  1832,  when 
the  great  Hood  of  waters  early  in  that  year  destroyed  it,  and 
it  was  never  rebuilt."  New  Lisbon  is  located  about  twelve 
miles  from  the  mouth  of  Little  Beaver  creek,  which  empties 
into  the  Ohio  river. 

Soon  after  the  begiiming  of  the  iron  industry  on  the  West- 
em  Reserve  the  manufacture  of  iron  was  undertaken  in  some 
of  the  interior  and  southern  counties  of  the  State.  Bishop 
says  that  Moses  Dillon,  who  had  been  associated  with  Isaac 
Meason  and  John  Gibson  in  the  building  of  Union  furnace 
in  Fayetto  county,  Pennsylvania,  in  1793,  "afterwards  erected 
ft  forge  on  Licking  river,  near  Zanesville,  Ohio,  possibly  the 
first  in  the  State."  This  enterprise  was  preceded  or  immedi- 
ately followed  by  a  furnace  which  is  said  to  liave  been  erected 
in  1808,  but  it  may  have  been  built  a  few  years  afterwards. 
It  was  located  "  at  the  Falls  of  Licking,"  four  miles  northwest 
of  Zanesville,  in  Muskingum  county,  and  its  capacity  was 
about  one  ton  per  day.  It  was  used  to  produce  castings,  as 
well  as  pig  iron  for  the  forge.  Lesley  says  that  this  furnace 
was  not   abandoned   "  until   1850   or   later,"     The  forge  was 
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also  operated  until  about  1850.  The  furnace  and  forge  were 
known  as  Dillon's,  and  were  widely  celebrated. 

Mary  Ann  furnace,  ten  miles  northeast  of  Newark,  in 
Licking  county,  was  built  about  1816  by  Dr.  Brice  and  Da- 
vid Moore.  It  was  burned  down  about  1850.  In  Tuscarawas 
county  the  Zoar  Community  owned  two  early  charcoal  fur- 
naces. One  of  these,  called  Tuscarawas,  was  built  about  1830 
by  Christmas,  Hazlett  &  Co.,  and  was  afterwards  sold  to  the 
Community ;  the  other,  called  Zoar,  was  built  about  the  same 
time  by  the  Community.  Both  furnaces  were  finally  blown 
out  before  1850. 

Three  furnaces  were  built  in  Adams  county  between  1811 
and  1816  to  use  the  bog  ores  of  the  Brush  creek  valley. 
The  first  of  these,  Brush  Creek,  located  twelve  miles  from 
the  Ohio  river,  was  built  in  1811  and  operated  in  1813  by 
James  Rodgers.  It  was  probably  built  by  Andrew  Ellison, 
Thomas  James,  and  Archibald  Paull.  It  was  in  operation 
as  late  as  1837,  when  it  produced  200  tons  of  iron  in  119 
days.  On  the  same  stream,  twenty-two  miles  from  the  Ohio, 
was  Marble  furnace,  built  in  1816.  Another  furnace,  known 
as  Old  Steam,  was  built  in  1814.  It  is  said  to  have  been 
built  by  James  Rodgers,  Andrew  Ellison,  and  the  Pittsburgh 
Steam  Engine  Company.  Thomas  W.  Means  once  inform- 
ed us  that  "  the  first  blast  furnace  run  by  steam  in  South- 
em  Ohio,  if  not  in  the  United  States,  was  built  by  James 
Rodgers  in  Adams  county  about  1814."  This  reference  is  to 
Old  Steam  furnace.  "  Its  product  was  less  than  two  tons  of 
iron  a  day.  Brush  Creek  furnace,  in  the  same  county,  and 
other  furnaces  of  that  period  which  were  run  by  water  hard- 
ly averaged  one  ton  of  iron  a  day."  Marble  and  Old  Steam 
furnaces  were  abandoned  about  1826.  Lesley  mentions  three 
forges  in  Adams  county  — Steam,  at  Old  Steam  furnace; 
Scioto,  on  the  Little  Scioto ;  and  Brush  Creek,  probably  con- 
nected with  Brush  Creek  furnace.  The  date  of  the  erection 
of  these  forges  is  not  given,  but  they  were  doubtless  built 
soon  after  the  three  Adams  county  furnaces.  They  were  all 
abandoned  many  years  ago.  There  is  now  no  iron  industiy 
in  Adams  county. 

In  the  chapter  relating  to  Kentucky  the  beginning  of  the 
iron  industry  in  the  Hanging  Rock  region  has  been  noted. 
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This  celebrated  iron  diBtrict  embraces  Greenup,  Boyd,  Cart- 
er, and  Lawrence  counties  in  Kentucky,  and  Lawrence,  Jack- 
son, Graliia,  Vinton,  and  Scioto  counties  in  Ohio,  Just  north 
o£  the  Ohio  portion  of  tliis  district  is  the  newly-developed 
Hocking  Valley  iron  district,  embracing  Hocking  county  and 
several  other  counties.  The  Hanging  Rock  district  takes  its 
name  from  a  projecting  cliff  upon  the  north  side  of  the  Ohio 
river,  situated  back  of  the  town  of  Hanging  Rock,  which  is 
in  Lawrence  county,  three  milea  below  Ironton.  The  first 
furnace  in  the  Ohio  part  of  the  Hanging  Rock  district  was 
Union  furnace,  located  a  few  miles  nortliwest  of  Hanging 
Rock,  built  in  1826  and  1827  by  John  Means,  John  Sparks, 
and  Jamea  Rodgers,  the  firm's  name  being  James  Rodgers  & 
Co,  Franklin  furnace  was  the  second  on  the  Ohio  side.  It 
stood  sixteen  miles  east  of  Portsmouth,  in  Scioto  county,  and 
half  a  mile  from  the  Ohio  river,  and  was  built  in  1827  by 
the  Rev.  Daniel  Young  and  others.  The  next  furnace  was 
Pine  Grove,  on  Sperry's  fork  of  Pine  creek,  back  of  Hanging 
Rock,  in  LawTence  county,  five  miles  from  the  Ohio  river, 
built  in  1828  by  Robert  Hamilton  and  Andrew  Ellison.  In 
the  same  year  Scioto  furnace,  in  Scioto  county,  fifteen  miles 
north  of  Portsmouth,  was  built  by  William  Salters.  From 
this  time  forward  furnaces  increased  rapidly  on  the  Ohio  side 
of  the  district,  as  well  as  on  the  Kentucky  side.  From  1826 
to  1880  the  whole  number  built  on  the  Ohio  aide  was  about 
sixty  and  on  the  Kentucky  side  about  thirty.  All  the  early 
furnaces  were  built  to  use  charcoal,  but  timber  becoming 
scarce  coke  was  substituted  at  some  of  them  while  others 
were  abandoned.  In  late  years  a  few  furnaces  have  been 
built  in  the  district  expressly  to  use  coke  or  raw  coal.  In 
1880  there  were  on  the  Ohio  side  thirty-one  charcoal  furna- 
ces and  seventeen  bituminous  coal  or  coke  furnaces,  but  in 
1890  the  number  of  charcoal  furnaces  had  been  reduced  to 
eleven  and  the  number  of  bituminous  furnaces  to  fifteen. 
At  Vesuvius  furnace,  on  Storm's  creek,  in  Lawrence  coun- 
ty, Ohio,  six  miles  nortlieast  of  Ironton,  the  hot-blast  was 
successfully  applied  in  1836  by  John  Campbell  and  others, 
Wilham  Firmstone  putting  up  the  apparatus.  It  was  also 
at  once  applied  at  the  La  Grange  and  other  Hanging  Rock 
furnaces. 


The  Hanging  Rock  district,  on  both  sides  of  tlie  Ohio,  has 
produced  many  eminent  ironmastere,  and  its  iron  resourcea 
have  been  developed  with  great  energy.  John  Oanipbcll,  of 
Ironton,  and  Thomas  W.  Means,  of  Hanging  Rock,  both  prom- 
inent among  its  early  ironmasters,  have  lived  to  a  good  old 
age.  Mr,  Campbell  was  bom  in  1808  in  Brown  county,  Ohio, 
and  was  in  good  liealth  in  June,  1801.  With  the  aid  of  othera 
he  has  built  eleven  furnaces  in  the  Hanging  Rook  district. 
He  projected  the  town  of  Ironton  and  gave  it  its  name,  and 
also  assisted  in  the  founding  of  Ashland,  Kentucky,  and  in 
building  its  I'ailroad.  Like  many  of  the  ironmasters  of  this 
district  he  is  of  Scotch-Iriah  extraction,  his  ancestors  having 
removed  in  1612  from  Inverary,  in  Argyleshire,  Scotland,  to 
the  neighborhood  of  Londonderry,  in  Ulster,  Ireland.  Their 
descendants  removed  in  1729  and  1739  to  Augusta  county, 
Virginia ;  thenco,  in  1790,  to  Bourbon  county,  Kentucky ;  and 
thence,  in  1798,  to  that  part  of  Adams  county,  Ohio,  which 
is  now  embraced  in  Brown  county.  Mr.  Means  was  bom  in 
Union  district.  South  Carolina,  in  1803,  and  was  of  English 
ancestry.  He  reraovetl  from  Hanging  Kock  to  Asliland,  Ken- 
tucky, in  1881,  and  died  at  that  place  on  June  8,  1890,  aged 
about  87  years.  Andrew  Ellison,  Robert  Hamilton,  Jamea 
Rodgers,  and  Andrew  Dempsey,  all  of  whom  are  now  dead, 
were  enterprising  and  prominent  iron  manufacturers.  In  De- 
cember, 1844,  Mr.  Hamilton  successfully  tried  the  experiment 
of  stopping  Pine  Grove  furnace,  which  he  then  oiraed,  on 
Sunday,  and  his  example  has  since  been  generally  follow- 
ed in  the  Hanging  Rock  region.  This  furnace  is  still  active. 
John  Campbell,  Robert  Hamilton,  and  Thomas  W,  Meana 
were  united  in  marriage  with  members  of  the  Ellison  fain- 
ily.  The  third  generation  of  this  family  is  now  engaged  in 
the  iron  industry  of  Southern  Ohio. 

John  Means,  a  native  of  Exeter,  in  Devonshire,  England, 
removed  to  Pennsylvania  in  1735.  His  son,  William  Means, 
removed  from  Pennsylvania  to  South  Carolina  shortly  be- 
fore the  Revolution,  where  he  married  Anna  Newton,  a  rela- 
tive of  Sir  Isaac  Newton.  Their  son,  John  Means,  removed 
to  Adams  county,  Ohio,  in  1819,  taking  with  him  his  slavey 
whom  he  liberated.  He  died  on  his  farm  near  Manchester, 
in  Adams  county,  on  March  15,  1837,  and  was  buried  in  th* 
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churchyard  at  Manchester.  He  was  part  owner  of  a  furnace 
and  a  forge  in  Adams  county  in  the  early  days.  He  was 
the  father  of  Thomas  W.  Means. 

In  the  first  number  of  the  Journal  of  the  Untied  Staiea  Aa- 
aochiion  of  Charcoal  Iron  Workers  for  1891  Mr.  John  Birkin- 
bine,  the  editor,  describes  Olive  furnace,  in  Lawrence  county, 
Ohio,  in  the  Hanging  Rock  region,  which,  he  says,  "  is  the 
only  active  blast  furnace  in  the  United  States  the  stack  of 
which  is  largely  hewn  from  tlie  solid  rock."  It  will  be  re- 
membered that  in  our  Kentucky  chapter  we  mentioneil  Ar- 
giliite  furnace  ^in  that  State  as  having  been  similarly  con- 
structed, but  that  "furnace  was  long  ago  abandoned.  It  will 
also  be  remembered  that  in  one  of  our  earlier  chapters  we 
described  two  furnaces  in  Scotland,  known  as  the  Devon  iron 
works,  which  were  cut  out  of  the  solid  rock.  Mr.  Birkin- 
biue's  description  of  Olive  furnace  is  as  follows. 

The  Olive  tumace  was  constnicted  and  first  operated  in  the  year  1846, 
nn<I  with  tlie  exception  of  nne  year  it  hae  been  in  blast  every  year  since 
ita  completion.  Originally  the  furnace  waa  run  with  cold-blast,  the  pig 
iron  l>eins{  conBUmed  principnlly  by  charcoal  forge*  aloqg  the  Ohio  river 
fnr  tJie  pmduction  of  bloonis,  to  be  used  in  the  manuBicture  of  boiler 
plat«8.  After  being  operated  in  lliie  way  for  ten  ye^rs,  during  which 
liuie  the  output  averaged  about  six  t<i  eight  tons  ijcr  day,  a.  hot-blast  of 
the  ring  pattern  wan  added.  Throughout  the  varioua  changes  the  origi- 
nal stack,  built  in  1846,  was  retained,  and  beyond  an  addition  of  4  feet 
to  the  top  masonry,  making  the  total  height  40  feet,  and  widening  one 
tuyere  arrh,  the  main  stnicture  is  an  it  whs  first  built. 

Tlie  peculiarity  of  construction  (wnsists  in  the  lower  half  of  the  blast- 
fiimucc  slack  being  hewn  Avni  a  ledge  of  solid  rock,  which  is  exposed 
for  a  height  of  over  20  feet.  This  rock  leilge  is  a  Bandstonc,  which  cuts 
easily  when  first  hewn  but  hardens  upon  eipoBure.  A  suitable  (rite  hav- 
ing been  selected  the  earth  in  front  of  the  rock  was  removed,  and  the 
entire  ro<'k  face  thus  ex))osed  was  dressed  for  a  length  of  CO  feet,  and 
from  this  space  the  blast- (\iriiai«  stack  was  cut,  the  additional  heigiit  of 
Htai^k,  SO  feet,  being  obtained  by  masonry  built  upon  the  rock. 

In  general  appearance  and  outline  the  lower  portion  of  the  stai'k  of 
the  Olive  furnace  does  not,  except  in  a  total  absence  of  bracing,  differ 
materially  from  the  older  stacks  which  wete  built  of  stone  masonry ;  the 
stack  is  square  in  plan,  with  sloping  sides,  the  bottom  lieing  48  feet  square 
and  the  top  (20  feet  above  the  bottoro)  8G  feet  square.  It  stands  at  the 
sides  and  rear  from  4  to  6  feet  and  at  the  top  still  fiirtlier  away  from  the 
maw  of  rock  of  which  it  originally  fonnt-d  a  part.  It  is  cored  out  to  ac- 
commodate the  lining  of  the  furnace,  and  the  aides  are  pierced  for  one 
fore  tirch  and  two  tuyere  arches,  nil  cut  in  the  solid  rock. 

Originally  the  inwall  was  laid  with  sandstone,  and  the  hearth  and 
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boe))  were  conetracled  of  the  same  material-  In  later  yean,  however,  fire- 
brii.-k  has  )>een  ased  for  the  tnwall  and  linto^ ;  but  hearth  and  bottonia 
are  stiU  cnt  from  the  aandetone,  which  occure  in  great  quantity  and  of 
excellent  quality  convenient  to  the  Olive  fiimace. 

The  frequent  chan^-s  of  temperature  have  caused  the  niaa  of  rock 
forming  the  lower  portion  of  the  stack  to  develop  a  onmber  of  nacks. 
At  fii^t  these  were  email,  but  at  eaoh  blain  they  liare  opened  until  they 
exhibit  in  a  remarkable  inanner  the  marvelous  power  of  expansion.  This 
portion  of  the  etax!k  being  without  bandB  or  buck-Elavee  ba£  an  appear- 
ance of  weakneSE,  which,  however,  on  closer  examination,  m  removed,  and 
it  is  jxobable  that  the  old  hewn  stock  ie  good  for  years  of  aertice. 

The  good  quality  of  Hanging  Rock  charcoal  pig  iron 
and  th^  conditions  surrounding  its  production  during  the 
last  sixty  years  are  told  with  a  pleasing  touch  of  sentiment 
in  the  following  anonymous  newspaper  paragraph,  which 
appeared  in  the  latter  part  of  1890. 

The  old  charcoal  (iimace  of  the  Hecia  Iron  and  Minii^  Company,  at 
Ironton,  Ohio,  which  was  succeeded  by  a  new  slack  during  the  poiFt  nun- 
ffler,  is  one  of  the  moet  celebrated  In  the  Hanging  Rock  region,  and  will 
for  a  long  time  remain  as  a  landmark  in  that  locality.  The  fiimace  was 
built  in  1833  and  abandoned  on  April  15, 1890,  and  was  a  etone  stack,  36  by 
lOJ  feet,  cold-blast,  open  top.  The  ores  used  were  eiderite  and  limonite,  and 
for  jean  the  product  held  an  enviable  place  in  the  etftimation.of  coDMmi- 
en.  The  iron  produced  has  commanded  such  customers  as  the  United 
States  (jovemmeni  during  the  civil  war  (oue  or  two  blasts  being  about  all 
engage<l)  for  ordnance,  etc.,  cast  at  Pittsburgh.  lie  metal  went  into  the  guns 
mnunteil  in  the  Swamp  Angel  battery  which  besiege*!  the  city  of  Charles- 
ton. The  metal  was  also  used  in  the  armor  plates  of  the  gunboats  which 
stormed  Forts  Donelson  and  Henry.  For  many  years  the  Pennsylvania 
Railroad  Company  has  taken  about  aU  the  furnace  would  make  of  certain 
grades,  for  use  in  the  best  class  of  car  wheels.  Otlier  cuslomets  used  the 
metal  for  a  fine  quality  of  chilled  rolls,  etc.,  and  the  Btrong*«  parts  of 
machinery.  The  iron  was  produced  in  the  simplest  manner,  many  of  the 
employ^  baring  Ih'ed  at  the  furnace  all  their  lives,  some  -Li,  55,  and  one 
U5  years.  The  chanxml  used  was  from  the  company's  lands,  made  in  old 
style  and  hauled  by  ox  teams,  producing  iron  at  lat^  cost  and  selling  al 
lajlge  prices,  (80  and  S90  during  the  war,  $tl5  during  the  booms  of  1373 
and  1880,  but  since  then  at  a  minimum  price,  nece«italing  the  abandon- 
meat  fttr  more  modem  and  cheaper  methods,  though  the  old  stack  will 
be  preserved.  Scarreil,  rugged,  mo«8-grown,  picturesque,  and  luique,  it  will 
serve  as  a  reminder  of  pioneer  days,  of  war's  fierce  alarms,  and  that  sen- 
timent ^ill  livee  amidst  this  latter-day  strife  in  ironmaking. 

In  1833  a  foi^e  was  built  at  Hanging  Rock,  after  which 
it  was  named,  to  manufacture  blooms.  It  was  owned  by 
J.  Riggs  &  Co.,  and  was  built  under  the  superintendence  of 
John  Campbell  and  Joseph  Riggs.  A  rolling  mill  was  added 
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before  1847.  Both  tlie  forge  and  rolling  mill  have  long  been 
abandoned.  A  forge  was  built  at  Sample's  Lanifing,  fifteen 
miles  below  Gallipolis,  soon  after  1830,  to  make  blooms  for 
the  Covington  rolling  mill.  Bloom  forge  was  built  at  Ports- 
mouth, in  Scioto  county,  iu  1832,  and  in  1857  a  rolling  mill 
was  added.  A  forge  called  Benner's,  on  Paint  ereek,  near 
Chillicothe,  in  Rosa  county,  once  owned  by  James  &  Wood- 
ruff, was  abandoned  about  1850.  There  never  were  many 
forges  in  Ohio  for  refining  iron,  and  there  have  been  few, 
if  any,  for  making  bar  iron  directly  from  the  ore.  The  first 
iron  enterprises  in  the  State  preceded  by  only  a  few  years 
the  building  of  rolling  mills  at  Pittsburgh. 

The  first  rolling  mill  at  Cincinnati  was  the  Cincinnati 
rolling  mill,  built  about  1830  by  Shreeve,  Paull  &  MeCand- 
less.  The  Globe  rolling  mill  was  built  at  Cincinnati  iH  1845. 
Joseph  Kinsey  wTites  us  that  "it  was  the  first  built  in  Cin- 
cinnati for  the  purpose  of  making  genera!  sizes  of  merchant 
iron,  hoops,  sheets,  and  plates.  It  was  built  by  William  Sell- 
ers and  Josiah  Lawrence,  and  was  considered  a  great  enter- 
prise at  that  time.  Soon  afterwards  a  wire  mill  was  added 
for  the  purpose  of  making  the  first  wire  used  for  the  lines  of 
telegraph  extending  through  this  country."  There  are  now  in 
Cincinnati  and  in  its  vicinity  on  the  Ohio  side  of  the  Ohio 
river  two  rolling  mills  but  no  blast  furnaces  or  steel  works. 

Ohio  is  entitled  to  the  honor  of  having  had  established 
within  its  boundaries  the  first  successful  works  in  the  United 
States  for  the  manufacture  of  cnicibfe  steel  of  the  best  quality. 
The  proof  of  this  claim  is  ample,  and  it  will  be  presented  in 
a  subsequent  chapter  when  we  come  to  speak  of  this  branch 
of  our  steel  industry.  The  works  alluded  to  were  located  on 
the  bank  of  the  Miami  Canal,  in  Cincinnati,  and  were  built 
in  1832  by  two  brothers,  Dr.  William  Garrard  and  John  H, 
Garrard,  who  were  natives  of  England  but  residents  of  the 
United  States  after  1822.  After  the  works  were  built  Will- 
iam T,  Middleton  and  Charles  Fox  were  successively  partners 
with  Dr.  Garrard,  hia  brother  having  retired.  Dr.  Garrard 
was  the  inspiration  of  the  enterprise  and  its  master  spirit 
during  the  whole  period  of  its  existence.  The  firm  failed  in 
1837,  but  the  business  was  continued  for  some  time  afterwards. 
During  the  first  five  years  the  best  crucible  steel  was  made 
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at  these  works  by  Dr.  Garrard,  entirely  with  Atnenoui  mate- 
rials. It  was  ased  for  saws,  springs,  axes,  reaper  knireB,  fike, 
and  tools  generally. 

The  foregoing  details  relst«  to  what  may  be  termed  the 
charcoal  era  of  the  Ohio  Iron  industry.  The  second  stage 
in  the  development  of  the  iron  industry  of  this  State  dates 
from  the  introduction  in  its  blast  furnaces  of  the  bitnminous 
coal  of  the  Mahoning  valley  iu  its  raw  state.  This  coal  is 
known  as  splint  coal,  or  block  coal,  or  as  Brier  Hill  coal,  from 
a  locality  of  that  name  near  Youngatown,  where  it  is  laigely 
mined.  The  first  furnace  in  Ohio  to  use  the  new  fuel  waa 
built  expressly  for  this  purpose  at  Lowell,  in  Mahoning  oouh- 
ty.  in  1845  and  1846,  by  W'ilkeson,  Wilkes  4  Co.,  and  it  was 
successfully  blown  in  on  the  8th  of  August,  1S46.  The  name 
of  this  furnace  was  at  first  Anna  and  afterwards  Mahoning. 
A  letter  from  John  Wilkeson,  of  Butfalo,  Xew  York,  inform- 
ed tis  a  few  years  ago  that  William  McNair,  a  millwright,  was 
the  foreman  who  had  charge  of  its  erection.  It  was  blown 
in  by  John  Crowther,  who  had  previously  had  charge  of  the 
furnaces  of  the  Brady's  Bend  Iron  Company,  at  Brady's  Bend, 
Pennsylvania.  Mr.  Wilkeson  and  his  brothers  were  for  many 
years  prominent  charcoal-iron  manufacturers  on  the  Western 
Reserve.  They  were  of  Scotch-Irish  extraction.  Their  father 
was  a  native  of  Carlisle,  Pennsylvania. 

Immediately  after  the  successful  use  of  tmcoked  coal  in 
the  furnace  at  Lowell  many  other  furnaces  were  built  in  the 
Mahoning  valley  to  use  the  new  fuel,  and  it  was  also  substi- 
tuted for  charcoal  in  some  old  furnaces.  .\t  a  later  day  the 
use  of  this  fuel  in  other  parts  of  Ohio  contributed  to  the  fur- 
ther development  of  the  manufacture  of  pig  iron  in  this  State, 
and  at  a  still  later  and  verj'  recent  date  the  opening  of  the 
extensive  coal  beds  of  the  Hocking  valley  and  the  utilization 
of  its  carbonate  ores  still  further  contributed  to  the  same 
development,  the  Hocking  valley  coal  being  used  in  its  raw 
state.  At  the  present  time,  however,  Connellsville  coke  has 
almost  entirely  superseded  the  use  of  raw  coal  in  the  Mahon- 
ing valley,  and  in  the  Hocking  valley  coke  is  now  largely 
mixed  with  raw  coal. 

The  proximity  of  the  coal  tields  of  Ohio  to  the  rich  ironi 
ores  of   Lake  Superior  has  been,  however,  the  most  impor 
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lant  element  in  building  up  the  blast-funiace  industry  of  the 
State.  Tlie  use  of  these  ores  in  Ohio  soon  followed  the  first 
use  ill  the  blast  furnace  of  the  block  coal  of  the  Mahoning 
valley.  An  increase  in  the  rolling-mill  capacity  of  Ohio  waa 
naturally  coincident  with  the  impetus  given  to  the  produc- 
tion of  pig  iron  by  tlie  use  of  this  coal  and  Lake  Superior 
ores,  David  Tod,  afterwards  Governor  of  Ohio,  bore  a  prom- 
inent part  in  tiie  development  of  the  coal  and  iron  resourcea 
of  the  Mahoning  valley.  In  a  sketch  of  Yotingsloimi.  Past  ond 
PrfseiU.  (1875,)  wl-  find  the  following  notice  of  Mr.  Tod's  en- 
terprise in  developing  the  coal  trade  of  the  Mahoning  valley. 

In  IS40  David  Twl  w«fl  oi>erating  a  mine  at  Brier  Hill,  iimt  ufwn  the 
completion  of  the  Pennsylvania  aud  Ohio  Canal  from  Akron,  Ohio,  to  Bea- 
ver, Pennsylvania,  he  HhipLxtd  a  irauple  of  boat  loude  to  ClevHlanii  for  the 
purpose  of  introducing  it  as  fae\  on  lake  xteamere,  which  wn^  not  ea^y 
arfompliehed,  there  being  considerable  hoBtilily  manifeateil  towardt)  it  by 
engineen  and  tlrciuen.  Mr.  To<l,  however,  vae  not  to  \te  diBcouraged  by 
these  di/licultiea,  and  finally  eucoecded  in  making  a  successful  experiment, 
and  in  1845  ixel  supplanted  wood  on  the  Bteainers  on  the  lower  lakes. 
l^ATge  fiuantitiea  were  suhBet[uenlly  mined  and  shipped  to  Cleveland  from 
the  Mahoninif  valley  by  Mr.  Tod,  and  but  a  few  yeani  eUpeod  until  the 
mining  and  shipping  of  coal  tiecame  a  prominent  industry;  later  the 
opening  of  the  Cleveland  and  Mahoning  Bailway  from  Cleveland  to 
Youngstown,  traversing  the  heart  of  the  roal  region,  gave  freah  impetue 
to  the  mining  interests. 

The  beginning  of  the  iron  industry  at  Youngstown,  which 
now  has  within  its  own  limits  or  in  the  immediate  vicinity 
fifteen  furnaces  and  eleven  roiling  mills,  dat«s  from  about 
1835,  when  a  charcoal  furnace,  called  Mill  Creek,  was  built 
on  a  creek  of  the  same  name,  a  short  distance  southwBBt  of 
■  the  city,  by  Isaac  Heaton,  a  son  of  James  Heaton.  There  was 
no  other  furnace  at  Youngstown  until  after  the  discovery  at 
Lowell  that  the  block  coal  of  the  Mahoning  valley  f^uld  be 
successfully  used  in  the  smelting  of  iron  ore.  In  a  sketch 
of  the  histor^  of  Youngstown  Hon,  John  M.  Edwards  saya: 
"  In  184B  William  Philpot  &  Co.  built  in  the  -northwestern 
part  of  Youngstown,  adjoining  the  present  city,  and  near  the 
canal,  the  second  furnace  in  the  State  for  using  raw  mineral 
coal  as  fuel.  In  the  same  year  a  rolling  mill  was  built  in  the 
southeastern  part  of  the  village,  and  adjoining  the  canal,  by 
the  Youngstown  Iron  Company.  This  mill  is  now  owned  by 
Brown,  BonncU  &  Co." 
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In  Youngstoum,  Past  and  Present,  a  more  detailed  accoi 
is  given  of  its  first  bituminous  furnace.  It  was  known 
the  Eagic  furnace,  and  was  "built  in  1846  by  William  Phil- 
pot,  I>avid  Morris,  Jonathan  Warner,  and  Harvey  Sawj-er, 
on  land  purchased  of  Dr.  Henry  Manning,  lying  between  tha- 
present  city  limits  and  Brier  HilL  The  coal  used  was  min< 
from  land  contiguous,  leased  from  Dr.  Manning."  The 
ond  furnace  at  Youngstown  to  use  raw  coal  was  built  in  1847" 
by  Captain  James  Wood,  of  Pittsburgh.  It  was  called  Brier 
Hill  furnace.  There  was  a  steam  forge  at  Youngstown,  called 
the  Fairmount  iron  works,  whose  history  antedates  tliat 
all  the  rolling  mills  of  that  jjlace.  We  are  indebted  to 
J.  G.  Butler,  Jr.,  of  Youngstown,  for  the  following  circui 
stantial  account  of  this  almost  forgotten  enterprise. 

The  flrai  of  S|<eiicor  &  Co.  operated  a  email  steam  Torge  about  1S40 
on  or  near  tbe  preeent  site  of  Smith's  brewery,  on  West  Federal  8tr««t, 
Youngstown.  Thoy  need  a  ranall  upright  boiler,  with  a  brick  chimney. 
The  forge,  after  being  operated  for  a  time,  failed  to  be  profitable  ajid  was 
sold  under  eiecution  to  Mr.  Asahel  Tyrrell,  of  Tyrrell  Hill,  Trunibnll 
connly,  Ohio,  now  a  station  on  the  Lake  Shore  and  Michigan  Southern 
Railway.  The  forge  waa  removed  to  Tyrrell  Hill  in  the  eanuner  season, 
leaving  tbe  chimney  standing.  The  succeeding  winter,  after  snow  had 
feUen,  Mr,  Tyrrell  came  to  haul  away  the  bricic  used  in  the  construction 
of  the  chimney.  To  this  Jonathan  Edwards,  (a  lineal  denceudant  of  h 
great  namesake,)  who  owned  and  leased  the  ground  which  Spencer  A  ( 
occupied,  objected,  claiming  that  the  chimney  was  fised  property,  or  i 
part  of  tbe  realty.  A  law-suit  grew  out  of  the  difference  in  opinion,  i 
two  young  lawyers  wem  pitted  against  each  other,  both  of  these  law; 
mbeequently  bucomin)^  binous;  oner  the  Hon.  John  Crowell,  and  theotli 
Judge  RuAis  P.  Ranney.  Mr.  Tyrrell  won  his  suit  and  the  chimney  I 
taken  away.  I  get  this  information  from  old  settlers  and  you  way  c 
Elder  it  reliable. 

The  iron  industry  of  Cleveland  has  been  built  up  duri 
recent  years,  and  this  city  is  now  one  of  the  most  prominol 
centres  of  iron  and  steel  production  in  the  country,  Charles 
A.  Otis,  of  Cleveland,  writes  ua  as  follows  concerning  the  tint 
rolling  mills  in  that  city:  "The  first  rolling  mill  at  Clc»l 
land  was  a  plate  mill,  worked  on  a  direot^ire  process,  whil^ 
waa  a  great  failure,  It  went  into  operation  in  1854  or  18) 
The  mill  is  now  owned  by  the  Britton  Iron  and  Steel  ( 
pany.  The  next  mill  was  built  in  1857  by  A.  J.  Smith  i 
others  to  re-roll  rails.  It  waa  called  Railroad  rolling  mil 
and  is  now  ownE<d  by  the  Cleveland  Rolling  Mill  Compi 
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At  the  same  time  a  man  named  Jones,  with  several  associ- 
ates, built  a  mill  at  Newburgh,  six  miles  from  Cleveland, 
also  to  re-roll  rails.  It  was  afterwards  operated  by  Stone, 
Chisholm  &  Jones,  and  is  now  owned  by  tlie  Cleveland  Roll- 
ing Mill  Company,  In  1852  I  erected  a  steam  forge  to  make 
wrought-iron  forgings,  and  in  1859  I  added  to  it  a  rolling 
rail!  to  manufacture  merchant  bar,  etc.  The  Union  rolling 
mills  were  built  in  1861  and  1862  to  roll  merchant  bar  iron," 
The  first  furnace  at  Cleveland  was  the  first  of  the  Newburgh 
furnaces,  built  in  1864.  The  Bessemer  steel  plant  of  the  Cleve- 
land Rolling  Mill  Company  was  commenced  in  1867.  The 
open-hearth  works  of  the  Otis  Stee!  Company  Limited  were 
built  in  1873  and  1874.  There  are  now  in  Cleveland  nine 
rolling  mills  and  steel  works  and  five  blast  furnaces,  as  well 
aa  several  iron  and  steel  estabhshments  of  a  reproductive 
character. 

In  the  list  of  persons  connected  with  the  development  of 
the  iron  and  steel  industries  of  Cleveland  the  name  of  Henry 
Chisholm  is  the  most  prominent.  Mr.  Chisholm  was  bom  at 
Lochgelly,  in  Fifeshire,  Scotland,  on  April  27,1822,  and  died 
at  Cleveland  on  May  9,  1881,  aged  59  years. 

From  1846  to  1890  the  iron  industry  of  Ohio  has  made 
steady  progress,  and  the  State  now  ranks  second  among  the 
iron-producing  States  of  the  Union.  This  was  also  its  rank 
in  1870  and  in  1880.  In  the  production  of  steel  it  was  third 
in  the  list  in  1880,  and  this  rank  it  has  since  maintained, 
Pennsylvania  being  first  and  Illinois  second. 
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Indiana  possessed  a  small  charcoal-iron  industry  bef< 
1840,  but  at  what  period  in  the  present  century  this  indu^ 
try  had  its  beginning  can  not  now  be  definitely  determine*! 
Tench  Coxe  makes  no  reference  to  it  in  1810,  but  mentions 
one  nailery  in  the  Territoiy,  which  produced  in  tliat 
20,000  pounds  of  nails,  valued  at  JH,000.    He  does  not  li 
this  enterprise.     In  1840  the  census  mentions  a  furaace 
Jefferson  county,  one  in  Parke,  one  in  Vigo,  one  in  Vermill 
ion,  and  three  in  Wayne  county,  the  total  product  being  810 
tons  of  "cast  iron."  A  forge  in  Fulton  county,  producing  20 
tons  of  "  bar  iron,"  is  also  mentioned.    The  furnaces  of  ii 
were  probably  all  used  as  foundries,  producing  hoHow-w, 
and  other  castings  from  bog  ores. 

In  a  chapter  on  the  geology  of  Monroe  county,  by  Geoi 
K.  Greene,  printed  in  1881,  it  is  stated  that  "  nearly  foi 
years  ^o  an  iron  funiace  was  erected  by  lUindall  Ross, 
Virginia,  on  the  lands  of  George  Adams,  of  Monroe  couni 
on  section  7,  township  7,  range  2  west.  The  investment 
proved  a  failure,  and  the  furnace  has  long  gone  to  di 
The  ruins  of  the  'old  iron  furnace'  are  to-day  the  mou: 
ful  monument  of  an  early  spirit  of  enterprise  that  deser 
a  better  fat«." 

The  Fulton-county  forge  was  only  a  bloomary.     It 
located  at  liochester,  and  was  built  about  1840.    It  used 
ore,   which  was  converted   iaU)  bar  iron.      Dr.   Rylaml 
Bro\\-u,  of   Indianapolis,  told   us  in  his  lifetime  Uiat  it  ti 
a  heurth  about  four  feet  square,  with  a  stack  about  tea 
high,  much  like  the  stuck  of  an  ordinary  foundry.     Thi 
was  an  opening  on  6ne  aide  large  enough  t*i  admit  of 
process  uf  puddling,  from  which  the  bloom  of  iron  was 
en  and  placed  under  the  trip-hammer.    The  blast  was  si 
plied  by  a  pair  of  bellows  like  the  ordinary  bellows  of 
hlacksmitti  but  larger.    The  bellows  luid  the  liaiutaer 
driven  hy   waler-powor.     It  was   IJr,    Brown's  opinion 
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the  Fulton-county  forge  possesae*!  all  the  characteristics  of 
a  st'dckofen,  but  Mr.  D.  8.  Ross,  who  was  still  living  at 
Roche8t«r  in  1891,  informs  us  that  the  forge  was  "an  open- 
hearth  charcoal  fire."  He  also  informs  us  that  the  water- 
power  at  Rochester  being  insufficient  the  forge  was  removed 
"  after  a  couple  of  years  "  to  the  Tippecanoe  river,  "  at  the 
point  where  the  railroad  crosses  the  river,  two  ami  a  half 
miles  north  of  Rochester."  It  was  abandoned  in  1858.  The 
last  iron  made  by  it  was  bought  by  a  Pittsburgh  firm  to  be 
converted  into  carpet  tackg. 

There  was  another  early  forge  "  in  the  Twin  lakes 
country,  in  Marahall  county,"  about  1845.  It  was  built  by 
Charles  Crocker,  afterwards  the  California  millionaire,  and  a 
partner.  The  forge  was  located  at  Sligo.  Mr.  Crocker  had 
previously  worked  at  a  forge  at  Mishawaka,  in  St.  Joae}ih 
county,  which  was  owned  by  a  Mr.  Wilson.  The  bar  iron 
made  at  these  forges  was  largely  used  for  wagon  tires.  Bog 
ore  was  used,  as  at  Rochester.  There  were  probably  a  few 
other  bog-ore  bloomaries  in  Indiana  at  an  early  day  like 
those  at  Rochester,  Sligo,  and  Mishawaka. 

In  1859  Lesley  enumerated  five  charcoal  furnaces  in  In- 
diana, as  follows :  Elkhart,  in  Elkhart  county,  date  of  erec- 
tion unknown ;  Mishawaka,  in  St.  Joseph  county,  built  about 
1833;  Indiana,  a  few  miles  northwest  of  Terre  Haute,  in 
Vigo  county,  built  in  1839;  Richland,  on  Richland  creek, 
in  Greene  county,  built  in  1844  by  A.  Downing ;  and  La 
Porte,  near  the  town  of  that  name,  in  La  Porte  county,  built 
in  1848.  Mishawaka,  Indiana,  and  Richland  were  in  opera- 
tion in  1857,  but  were  abandoned  about  1860.  Elkhart  and 
La  Porte  furnaces  were  idle  in  1857,  and  probably  had  been 
abandoned  at  that  time.  Elkhart,  La  Porte,  iuid  Mishawaka 
used  bog  ore  exclusively,  and  Richland  used  it  in  part ;  in 
1857  Misliawaka  was  still  using  it  Indiana  used  brown 
hematite  found  in  the  neighborhood. 

In  1860  there  was  only  one  furnace  in  blast  in  Indiana — 
Richland.  It  was  probably  abandoned  in  that  year,  and  from 
this  time  until  1867  no  pig  iron  was  made  in  Indiana.  In 
the  latter  year  the  manufacture  of  pig  iron  in  this  State  was 
revived,  the  development  of  the  block-coal  district  in  the 
neighborhood  of  Brazil,  in  Clay  county,  having  led  to  the 
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belief  that  this  fuel  might  be  profitably  used  in  blast  fur- 
naces. Planet  furnace,  at  Harmony,  in  Clay  county,  built  in 
the  summer  of  1867  and  put  in  blast  in  November  of  that 
year,  was  the  first  of  eight  furnaces  that  were  built  in  Indi- 
ana between  1867  and  1872  to  use  this  coal,  the  ores  for  the 
furnaces  being  mainly  obtained  from  Missouri  and  the  Lake 
Superior  district  of  Michigan.  Five  of  tliese  furnaces  were 
in  Clay  county.  Of  the  eight  furnaces  built  six  have  been 
abandoned  and  torn  down  since  1872,  and  only  two  now 
remain — Brazil  and  Vigo.  No  furnaces  have  been  built  in 
Indiana  since  1872. 

The  first  rolling  mill  in  Indiana  was  probably  the  Indi- 
anapolis mill,  built  by  R.  A.  Douglas,  which  was  completed 
in  the  autumn  of  1857  and  put  in  operation  in  November 
of  the  same  year.  In  1858  Lesley  says :  "  The  machinery 
and  building  were  planned  by  Lewis  Scofield,  of  Trenton, 
New  Jersey,  who  also  built  the  Wyandotte  mill  and  is  build- 
ing the  mill  at  Atlanta,  Georgia."  There  were  in  1883  eight 
rolling  mills  in  Indiana — two  at  New  Albany,  two  at  Terre 
Haute,  and  one  each  at  Indianapolis,  Greencastle,  Aurora, 
and  Brazil.  The  State  contained  no  works  in  that  year  for 
the  manufacture  of  steel.  Karly  in  1891  there  were  thirteen 
completed  rolling  mills  in  Indiana.  Connected  with  some  of 
these  rolling  mills  were  a  few  small  steel  plants.  The  dift- 
coveiy  a  few  years  ago  of  natural  gas  in  Indiana  gave  a 
fresh  start  to  its  rolling-mill  industry  and  partly  created  its 
st«el  industry.  At  the  works  of  the  Premier  Steel  Company 
in  Indianapolis  the  Adams  direct  process  was  introduced 
about  the  beginning  of  1890. 


i. 


CHAPTER  XXXIII. 
EARLY   IRON   ENTERPRISES   IN   ILLINOIS. 

Ik  1839  a  small  charcoal  furnace  was  built  four  miles 
northwest  of  ElizabethtowB,  in  Hardin  county,  in  the  ex- 
treme southeastern  part  of  Illinois,  by  Leonard  White,  Calen 
Guard,  &  Co.  It  was  called  Illinois.  This  is  the  first  furnace 
in  the  State  of  which  there  is  any  record,  and  it  probably 
had  no  predecessor.  In  1853  it  was  purchased  by  C.  Wolfe  & 
Co.,  of  Cincinnati,  who  tore  down  the  stack  and  built  a  larger 
one  in  1856,  with  modern  additions.  In  1873  this  furnace, 
after  having  been  out  of  blast  for  several  years,  was  repaired, 
but  it  was  never  again  active.  A  charcoal  furnace  called 
Martha,  also  in  Hardin  county,  was  built  in  1848  by  Daniel 
McCook  &  Co.  about  two  miles  east  of  Illinois  furnace.  It 
waa  probably  the  second  furnace  in  the  State.  Illinois  and 
Martha  furnaces  were  both  in  blast  in  1850,  but  in  1860  Illi- 
nois only  was  in  blast.  Martha  had  not  been  in  operation 
since  185G,  and  it  probably  never  made  any  iron  after  that 
year.  It  lias  long  been  abandoned.  These  furnaces  were  sup- 
plied with  hematite  ore  from  the  immediate  neighborhood. 

In  the  census  of  1840  mention  is  made  of  a  furnace  in 
Cook  county,  one  in  Fulton,  one  in  Hardin,  and  one  in  Wa- 
bash county.  The  furnaces  in  Fulton  and  Hardin  counties 
were  idle,  the  furnace  in  Wabash  county  produced  eight  tons 
of  "cast  iron,"  and  the  furnace  in  Cook  county  produced  150 
tons.  As  the  census  of  1840  sometimes  confounds  blast  fur- 
naces with  foundries  full  reliance  can  not  be  placed  on  the 
correctness  of  its  statements  concerning  furnaces  in  Illinois. 
We  have  definitely  aacertaiued  that  there  was  no  furnace  in 
Cook  county  in  that  year,  and  tliat  the  furnace  with  which 
it  is  credited  in  the  census  was  Granger's  foundry,  the  only 
one  in  Chicago  at  that  time. 

There  appears  to  have  been  no  furnace  in  operation  in 
Illinois  from  1860  to  1868.  Soon  after  the  close  of  the  civil 
war  the  attention  of  iron  manufacturers  was  attracted  to  the 
Big  Muddy  coal  fields,  in  the  southwestern  part  of  Illinois, 


and  to  the  proximity  to  these  coal  fields  of  the  rich  iron  orw  ] 
of  Missouri.  In  1868  the  Grand  Tower  Mining,  Manufactur- 
ing, and  Transportation  Company  built  two  large  furnaces  at 
Gntnd  Tower,  in  Jackson  county,  Illiuois,  to  use  the  Big  Mud- 
dy coal  in  connection  with  Missouri  ores  ;  and  in  1871  another 
large  furnace,  called  Big  Muddy,  was  built  at  Grand  Tower 
by  anotlier  company  to  use  the  same  fuel  and  ores.  The  two 
Grand  Tower  furnaces  have  been  out  of  blast  for  several  years 
and  are  now  abandoned,  but  the  Big  Muddy  furnace  was  in 
blast  in  1881,  since  which  year  it  has  been  idle.  At  E^ast  St. 
Louis  the  Meier  Iron  Company  built  two  large  coke  furnaces 
between  1873  and  1875.  These  furnaces  were  in  operation 
in  1882,  their  fuel  being  mainly  Carbondale  coke,  from  Jack- 
son county,  Illinois,  but  they  were  never  afterwards  in  blast. 
In  1890  they  were  removed  to  Big  Stone  Gap,  Virginia, 

The  iron  industry  at  Chicago  and  its  vicinity  properly 
dates  from  1857,  when  Captain  E.  B.  Ward,  of  Detroit,  built 
the  Chicago  rolling  mill,  on  the  right  bank  of  the  Chicago 
river,  "just  outside  of  the  city."    This  mill  was  built  to  re- 
roll  iron  rails.     It  formed  the  nucleus  of  tlie  extensive  works 
afterwards  built  by  tlie  North  Chicago  Rolling  Mill  Com- 
pany.   There  was  no  furnace  at  Chicago  until  1868,  when  two 
furnaces  were  built  by  the  Chicago  Iron  Company.    They 
were  afterwards  owned  by  the  Union  Steel  Company.    One  i 
furnace  was   blown  in  early  in  1869  and  the  other  late  in 
the  same  year.    Two  furnaces  were  built  at  Chicago  in  1869 
by  the  North  Chicago  Rolling  Mill  Company,    No  other  fur-  ( 
naces  were  built  at  Chicago  until  1880,  when  seven  new  fur- 
naces were  undertaken,  three  of  which  were  liuished  in  that 
year,  two  in  1881,  and  two  in  1882.     At  Joliet,  thirty-seven   ' 
miles  southwest  of  Chicago,  the  Joliet  Iron  and   Steel  Com- 
pany built  two  furnaces  in  1873,    They  are  now  owned  by  i 
the  Illinois  Steel  Company. 

In  1883  there  were  seventeen  rolling  mills  and  steel  works  I 
in  Illinois,  four  of  which  were  Bessemer  steel  works — three  at  1 
Chicago  and  one  at  Joliet;  two  were  opon-hearth  steel  works  I 
— one  at  Springfield  and  one  at  Chicago;  and  one  was  a  cru- 
cible steel  works  at  Chicago.  At  the  beginning  of  1884  there  ] 
were  seventeen  blast  furnaces  in  the  State,  including  the  pio-  J 
neer  furnace,  Illinois,  which  has  since  been  abandoned. 
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In  1890  there  were  fifteen  completed  furnaces  in  Illinois 
and  five  more  were  in  course  of  erection.  In  the  same  year 
there  were  seven  standard  Bessemer  steel  works  in  the  State, 
four  of  which  were  owned  by  the  Illinois  Steel  Company, 
which  had  absorbed  in  1889  the  business  of  the  North  Chi- 
cago Rolling  Mill  Company,  the  Union  Steel  Company,  and 
the  Joliet  Steel  Company.  There  was  also  a  Robert-Bessemer 
steel  plant  in  Illinois  in  that  year.  There  were  four  open- 
hearth  steel  plants  and  one  crucible  steel  plant  The  whole 
number  of  rolling  mills  in  Illinois  was  twenty-one,  and  two 
others  were  projected. 

In  the  aggregate  production  of  iron  and  steel  in  1880 
Illinois  ranked  fourth  among  the  iron  and  steel  producing 
States  of  the  Union,  making  a  great  stride  since  1870,  when 
it  was  fifteenth  in  rank.  The  State  has  long  been  second  in 
the  production  of  Bessemer  steel,  and  for  a  number  of  years 
it  was  third  in  the  production  of  pig  iron,  but  in  1889  it  fell 
below  Alabama  as  a  producer  of  pig  iron,  Alabama  taking 
the  third  place.  This  State  draws  its  supply  of  iron  ore 
from  the  Lake  Superior  region  and  its  supply  of  coke  al- 
most wholly  from  the  Connellsville  district  in  Pemisylvania. 


If  we  could  credit  the  census  of  1840  there  were  fift 
blast  furnaces  in  Michigan  in  that  year- — one  in  each  i 
counties  of  Allegan,  Branch,  Cass,  Kent,  Monroe,  and  Oak- 
land, two  in  Calhoun,  two  in  Washtenaw,  and  five  in  Wayne  ■ 
county.     Some  of  these  furnaces  were  doubtless   foundries,  j 
particularly   in  counties   lying   upon  or  near  to  Lake  Erie,  1 
vessels  upon  which  could  bring  pig  iron  for  these  foundries  ] 
from  the  neighboring  States.    Others  were  undoubtedly  true 
blast  furnaces,  producing  household  and  other  castings  from 
bog  ores.    All  of  the  fifteen  enterprises  mentioned  were  in 
the  southern  part  of  the  State.    Their  total  production  in 
1840  was  only  601  tons  of  "cast  iron."    Neither  forges  nor 
bloomaries  are  mentioned  in  the  census  of  1840. 

From  1840  to  1850  the  iron  industry  of  Michigan  certain- 
ly made  no  progress,  and  possibly  declined.    From  1850  to 
1860  a  marked  improvement  took  place.    Three  new  furna- 
ces were  built  in  the  southern  part  of  the  State  to  use  1 
ore,  and  in  the  northern  peninsula  and  at  Detroit  and  Wy 
dotte  a  commencement  was  made  in  smelting  the  rich  ore 
which  had  been  discovered  in  the  now  celebrated  Lake  Su-1 
l)erior  iron-ore  region.    -In  1859  Lesley  enumerated  the  foI-J 
lowing  bog-ore  furnaces  in  the  eouthern  part  of  the  Statu  g 
Kalamazoo,  at  the  city  of  that  name,  in  Kalamazoo  county^4 
built  in  1857  to  take  the  place  of  an  earlier  furnace;  Quia 
cy,  three  miles  north  of  the  town  of  that  name,  iu  Brand 
county,  built  in  1855  ;  and   Branch  County,  one  mile  1 
Quincy  furnace,  built  ju  1854.     All  of  these  bog-ore  fumac< 
made  pig  iron  in  1857.     It  is  a  curious  fact  tliat  fumacos  t 
use  bog  ore  should  have  been  built  in  this  State  after  1 

The  development  of  the  Lake  Superior  iron-ore  rei 
marks  an  important  era  in  the  history  of  the  American  ire 
trade,  and  the  incidents  attending  its  commencement  hftTi 
fortunately  been  preserved. 

We  leum  from  A.  P.  Swineford's  HiMory  of  tkr.  Lake  i 
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rior  Iron  District  that  the  existence  o£  iron  ore  on  the  south- 
ern border  of  Lake  Superior  was  known  to  white  traders 
with  the  Indiaus  as  «arly  as  1830.  The  same  wTiter  further 
informs  ua  that  the  first  discovery  by  white  men  of  the  iron 
ore  of  this  region  was  made  on  the  16th  of  September,  1844, 
near  the  eastern  end  of  Teal  lake,  by  William  A.  Burt,  a  dep- 
uty surveyor  of  the  General  Government.  In  June,  1845,  the 
Jackson  Mining  Company  was  organized  at  Jackson,  Michi- 
gan, for  the  purpose  of  exploring  the  mineral  districts  of  the 
southern  shore  of  Lake  Superior,  and  in  the  summer  of  the 
same  "year  this  company,  through  the  disclosures  of  a  half- 
breed  Indian  named  Louis  Nolan  and  the  direct  agency  of 
an  old  Indian  chief  named  Man-je-ki-jik,  secured  possession 
of  the  now  celebrated  Jackson  iron  momitain,  near  the  scene 
of  Mr.  Burt's  discovery.  It  appears,  however,  that  the  repre- 
sentatives of  the  company  had  not  heard  of  Mr,  Burt's  dis- 
covery until  they  met  Nolan  and  the  Indian  chief.  P.  M, 
Everett,  the  president  of  the  company,  was  the  leading  spirit 
of  the  exploring  party  which  secured  possession  of  this  valu- 
able property.  The  actual  discovery  of  Jackson  mountain 
was  made  by  S.  T.  Carr  and  E.  S.  Rockwell,  members  of 
Mr,  Everett's  party,  who  were  guided  to  the  locality  by  the 
Indian  chief. 

Referring  to  the  iron  ore  of  Jacksou  mountain  in  a  letter 
written  at  Jackson,  Michigan,  on  the  10th  of  November,  1845, 
Mr,  Everett  says  that  "  since  coming  home  we  have  bad  some 
of  it  smelted,  and  tind  that  it  produces  iron  and  sometliing 
resembling  gold — some  say  it  is  gold  and  copper."  This 
smelting  is  not  further  described.  In  1846  A.  V.  Berry,  one 
of  the  Jackson  Mining  Company,  aud  others  brought  about 
300  pounds  of  the  ore  to  Jackson,  and  in  August  of  tliat  year, 
writes  Mr,  Berry,  "Mr.  Olds,  of  Cucusli  Prairie,  who  owned  a 
forge,  then  undergoing  repair,  in  which  he  was  making  iron 
from  bog  ore,  succeeded  in  making  a  fine  bar  of  iron  from  our 
ore  in  a  blacksmith's  fire,  the  first  iron  ever  made  from  Lake 
Superior  ore."  Mr.  Swineford  says  that  "  one  end  of  this  bar 
of  iron  Mr.  Everett  had  dra^vn  out  into  a  knife-blade." 

In  1847  the  Jackson  Mining  Company  commenced  the 
erection  of  a  forge  on  Carp  river,  about  ten  miles  from  its 
mouth  and  near  Jackson  mountain.     It  was   finished  early 
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in  1848,  and  on  the  lOtb  of  February  of  that  year  the  first 
iron  made  in  the  Lake  Superior  region  was  made  liere  hy 
Ariel  N.  Barney.  Mr.  Swineford  says  that  the  forge,  which 
was  named  after  Carp  river,  had  "  eight  fires,  from  each  of 
which  a  lump  was  taken  every  six  hours,  placed  nnder  the 
hammer,  and  forged  into  hlooms  four  inches  square  and  two 
feet  long,  the  daily  product  being  about  three  tons.  The  first 
lot  of  blooms  made  at  this  forge,  the  first  iron  made  on  Lake 
Superior,  and  the  first  from  Lake  Superior  ores,  except  the 
small  bar  made  by  Mr.  Olds,  was  sold  to  the  late  E.  B.  Ward, 
and  from  it  was  made  the  walking-beam  of  the  side-'wheel 
steamer  Oi-ean."  The  forge  was  kept  in  operation  until  1854, 
when  it  was  abandoned,  having  in  the  meantime  "  made  Utile 
iron  and  no  money," 

In  1849  tiie  Marquette  Iron  Company,  a  "Worcester  (Mas- 
sachusetts) organization,  undertook  the  erection  of  a  forge  at 
Marquette,  and  in  July,  1850,  it  was  finished  and  put  in  oper- 
ation. Mr.  Swineford  says  that  "  it  started  ivith  four  fires, 
using  ores  from  what  are  now  the  Cleveland  and  Lake  Sa- 
pyerior  mines,"  It  was  operated  irre^larly  until  December, 
1853,  when  it  was  burned  down  and  was  not  rebuilt. 

The  Collins  Iron  Company  was  organized  in  1853,  with 
Edward  K.  Collins,  of  New  York,  at  its  head,  and  in  1854  it 
built  a  forge  on  Dead  river,  about  three  miles  northwest  of 
Marijuette,  and  in  the  fall  of  1S55  the  manufacture  of  blooms 
was  commenced  from  ore  obtained  at  the  company's  ntioes. 
This  forge  was  in  operation  in  1858,  after  which  time  it  seems 
to  have  been  abandoned. 

Another  foi^  on  Dead  river  was  built  in  1854  or  1855  by 
William  G.  McComber,  Mat^ew  McConnell,  and  J.  G,  Butler. 
The  compiany  failed  in  a  few  years,  and  in  1860  Stephen  R. 
Gay  erected  Bancroft  furnace  on  the  site  of  the  forge.  Before 
1860  every  forge  in  ^[ichigan  appears  to  have  been  aban- 
doned. (Mr.  Butler  was  the  father  of  J,  G.  Butler,  Jr.,  of 
Yonngstown,  Ohio,  the  present  general  manager  of  the  Brier 
Hill  Iron  and  Coal  Company.) 

It  will  be  observed  that  all  of  the  pioneer  iron  ^iterpriaea 
in  the  Lake  Superior  region  were  bloomar>'  foi^^es,  the 
tion  evidently  having  been  to  build  up  an  iron  industry 
lar  to  that  of  the  Lake  Champlain  district 
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The  firat  pig  iron  produced  in  the  Lake  Superior  region 
was  made  in  1858  by  Stephen  R,  Gay,  who  then  leased  the 
foi^e  of  the  Collins  Iron  Company  and  converted  it  in  two 
days,  at  an  expense  of  $50,  into  a  miniature  blast  furnace. 
In  February,  1858,  as  we  learn  from  the  records  of  the  Ameri- 
can Iron  and  Steel  Association,  Mr.  Gay  wrote  to  C.  A.  Trow- 
bridge that  this  furnace  was  "2J  feet  across  the  boah,  8  feet 
high,  and  12  inches  sijuaro  at  the  top  and  15  inches  square 
in  the  hearth,"  and  would  hold  eight  bushels  of  coal.  He 
gives  Uie  following  details  of  its  first  and  only  blast:  "Began 
on  Monday,  finished  and  fired  on  Wednesday,  filled  with  coal 
Thursday  noon,  blast  turned  on  Friday  noon,  and  thenceforth 
charged  regularly  with  1  bushel  coal,  20  pounds  of  ore,  and 
7  pounds  of  limestone.  Cast  at  six  o'clock  500  pounds,  and 
again  at  eight  o'clock  Saturday  morning,  half  a  ton  in  all,  92 
pounds  of  which  were  forged  by  Mr.  Eddy  into  an  85-pound 
bloom.  This  little  furnace  was  run  two  and  a  half  days, 
made  2^  tons,  carrying  the  last  eight  hours  30  pounds  of  ore 
to  a  bushel  of  coal,  equal  to  a  ton  of  pig  iron  to  100  bushels 
of  coal."    These  experiments  were  made  in  February. 

The  first  regular  blast  furnace  in  the  Lake  Superior  region 
was  built  by  the  Pioneer  Iron  Company  in  the  present  city 
of  Negaunee,  convenient  to  the  Jackson  mine.  It  was  com- 
menced in  June,  1857,  and  in  February,  1858,  it  was  finished. 
Another  stack  wag  added  in  the  same  year.  These  furnaces 
took  the  name  of  the  company.  Pioneer  No.  1  was  put  in 
blast  in  April,  1858,  and  Pioneer  No.  2  on  May  20,  1859. 
Both  furnaces  are  now  owned  by  the  Iron  Cliffs  Company. 
They  were  burned  and  rebuilt  in  1877.  They  were  both  in 
operation  in  1883  and  have  since  been  active.  The  second 
regular  blast  furnace  in  this  region  was  the  Collins  furnace, 
bnilt  in  1858  by  Stephen  R.  Gay,  near  the  site  of  the  Collins 
forge.  It  made  its  first  iron  on  December  13th  of  that  year. 
It  was  abandoned  in  1873,  owing  to  the  failure  of  a  supply 
of  charcoal.  Other  furnaces  in  the  Lake  Superior  region  soon 
followed  the  erection  of  the  Pioneer  and  Collins  furnaces. 
Mr.  Swineford's  history  cousins  a  record  of  these  early  en- 
terprises. 

While  these  early  furnaces  and  the  few  forges  tliat  have 
been  mentioned  were  being  built  on  the  shore  of  Lake  Supe- 
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rior  two  fnniaces  wece  bmlt  at  or  near  Detroit  to  smelt  Lake 
Saperior  orei  These  were  the  Eureka  furnace,  at  Wyandotte, 
built  in  1S55  by  the  Eozeks  Iron  Company,  of  which  Cap- 
tain K  B.  Ward  was  piesident,  and  put  in  blast  in  1856  ;  and 
the  Detroit  furnace,  at  Detroit,  bmlt  in  1856  by  the  Detroit 
and  Lake  Saperior  Iron  Manu£»:turing  Company,  of  which 
George  B.  Roseell  was  president,  and  put  in  blast  in  January, 
1857,  These  furnaces  and  the  others  that  have  been  men- 
tioned used  charcoal  as  fueL 

The  first  shipment  of  iron  ore  from  the  Lake  Superior  re- 
gion was  made  in  ISoO,  according  to  Mr.  Swineford,  and  con- 
sisted of  about  live  tons,  "which  was  taken  away  hy  Mr.  A. 
L.  Crawford,  of  New  Castle,  Pennsylvania."  A  part  of  this 
ore  was  reduced  to  blooms  and  rolled  into  bar  iron,  "  Tlie 
iron  was  found  to  be  moet  excellent,  and  served  to  attract 
the  attention  of  Pennsyh'ania  ironmasters  to  this  new  held 
of  supply  for  their  furnaces  and  rolling  mills,"  Mr.  Craw- 
ford informed  us  in  his  lifetime  that  he  received  at  New 
Castle  in  1850  about  ten  tons  of  Jackson  ore  which  had  been 
haule«i  around  the  falls  of  Sault  Ste.  Itlarie  on  a  strap  rail- 
niad  one  and  a  quarter  miles  long.  In  1853  a  few  tons  of 
Jackson  ore  were  shipped  to  the  World's  Fair  at  New  York. 

The  first  use  of  Lake  Superior  ore  in  a  blast  furnace  oc- 
curred in  Pennsylvania.  This  important  event  is  described 
in  a  letter  to  us  from  the  late  David  Agnew,  of  Sharpsville, 
Mercer  county,  Pennsylvania,  from  which  we  quote  as  follows. 

Tlw  Sharon  Iron  Compnnj-,  of  Merrer  county,  PennaylvaniB,  about  th« 
yrur  1S50  i>r  1851  pun-based  the  Jackson  mines,  and,  in  expectation  of  the 
«)>v4j<1.v  t-onipletioti  of  the  Sanlt  coual,  conmieneed  to  open  tlieni,  to  con- 
■iriH't  a  road  to  the  lake,  and  to  build  docks  at  Slarquette,  eiju-'nding  n 
Utrgu  sum  of  money  in  these  operations.  The  opening  of  the  [-snal  was, 
however,  unexjiectedly  delayed  until  June,  IftSo.  Anxious  to  teat  the  work- 
luK  (louhtiee  of  tliie  ore  the  t^haron  Iron  Company  brought,  at  great  ex- 
jifiwo,  to  Krie,  in  the  year  IS53,  about  70  tons  of  it,  which  were  shipped 
by  miial  to  Shnq«ville  furnace,  near  Slioron,  owned  by  David  and  John  P. 
.4|[tHtw.  The  first  boat-load  of  ore,  on  il8  receipt,  wae  immediately  used  in 
i\w  flirnaoe,  {lartly  nlone  and  partly  in  mixture  with  native  orce,  and  the 
rsperlnient  was  highly  BUcceasfiil,  the  fumace  WDrking  tvell  and  producing 
«n  Incmwed  yield  of  metal,  which  was  taken  to  the  Sharon  iron  works  and 
iJuiTti  converted  into  bar  iron,  nails,  etc.,  of  very  eujierior  quality.  The 
•Miond  boat-lnnd  of  ore  was  aleo  brought  lo  Sharpfiville,  but,  having  been 
lillVlided  to  he  left  at  the  Clay  furnat-e,  owned  by  the  Sharon  Iron  Cora- 
miiy,  wwi  ivtiimed  and  used  at  that  estjihlisliment. 
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The  historical  interest  which  attaches  to  the  first  use  of 
Lake  Superior  iron  ore  leads  us  to  copy  the  following  details 

concerning  the  Sharon  Iron  CompEiny  and  ita  connection  with 
the  development  of  the  Jackson  iron  mountain  ore.  Our  au- 
thority is  a  pamphlet  copy  of  the  prospectus  of  the  Sharon 
Iron  Company,  printed  in  1852.  We  quote  from  the  pam- 
phlet, (which  ia  signed  by  J.  B.  Curtis,  president,)  as  follows. 

The  Pharon  Iron  Comiwny  was  organized  at  Sharon,  Mercer,  eounty, 
PennBylvanie,  in  Ift^O,  with  a  capital  of  f70,000,  under  tlie  general  manu- 
fiwluring  law  of  the  State  of  Pennsylvania,  and  posseesea  a  charter  from 
'  that  State.  The  manuliicture  of  iron  and  nalla  was  irammenced  in  Decem- 
ber, 1S50,  and  the  mill  ia  in  aucceHafiil  operation  at  the  present  tune.  The 
company  alao  own  a  bhtst  furnace,  with  the  neoeseary  buildings,  ore,  and 
coal  [iriviiegeB — now  making  forty-five  tons  of  pig  iron  weekly,  at  a  coat 
of  eighteen  dollars  l>er  ton — situated  one  mile  from  tlie  canal,  and  eight 
miles  from  the  mill,  which  they  purcliaBod  on  very  advantageoua  tenna. 

The  president  of  the  company  having  visited  the  iron  region  of  Lake 
(iiuperior  in  the  fell  of  ISW  became  so  impresaeil  with  the  boundless  extent, 
unrivaled  richness,  and  great  facilities  of  obtaining  the  ore  of  that  region, 
(and  the  specimens  he  procured  hating  proved,  on  test,  the  superior  qual- 
ity and  iHjrity  of  the  iron,)  he  recommended  the  company  to  purchase  the 
Jactson  mounlaiH,  aa  being  the  nearest,  largest,  and  best  location,  a  prop- 
erty owned  by  a  corporate  company,  located  in  Jackson  connty,  Mlcb^an. 
This  proi>erty  conaistg  of  040  acres  of  land,  (the  Iron  mountain,)  200  acrefl 
lying  between  the  mountain  and  lake,  on  which  there  is  a  good  water 
power,  a  forge  for  making  blooms  in  operation,  and  twenty  dwelling^housea, 
and  also  60  acres  of  land  at  the  harbor,  on  Lake  Superior,  called  Iron  bay. 
After  several  attempts  at  negotiation  the  president  of  the  Sharon  Iron 
Company,  with  others  in  interest,  aucceeded,  in  September,  18-51,  in  pur- 
chasing a  controlling  interest  in  said  iiroperty,  obtaining  1,507  shores  out 
of  ifiOO  at  $15  per  share,  amounting  to  $22,805. 

The  Sharon  Iron  Comjiany  have  manufactured  thia  season  150  tons 
blooms,  mads  at  the  Jackson  forge,  into  bar,  boiler  plate,  nails,  ete.  They 
have  readily  sold  the  bar  iron  at  $S0  per  ton,  when  common  puddled  iron 
goes  begging  at  $50  per  ton.  It  has  been  tested  for  steel  wire  and  fine 
tacks,  and  proved  equal  to  the  best  Swedes. 

In  1854, 1855,  and  1856  Clay  furnace,  which  was  located  on 
Anderson's  run,  nine  miles  west  of  Mercer,  continued  the  use 
of  Lake  Superior  ore,  most  of  it  mixed  witli  native  ore,  and 
used  in  all  until  August,  1856,  aboiit  400  tons,  "  Up  to  that 
date,"  as  is  stated  by  Mr.  Frank  Allen,  its  manager,  "the 
working  of  it  was  not  a  success.  In  October,  185C,  we  gave 
the  Clay  furnace  a  general  overhauling,  put  in  a  new  lining 
and  hearth,  and  made  material  changes  in  the  construction 
of  the  same,  put  her  in  blast  inte  in  the  fall,  and  in  a  few 
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days  wore  making  a  beautiful  article  of  iron  from  Lake 
Superior  ore  alone."  The  fuel  used  at  Sharpsville  and  Clay 
funiacos  was  the  block  coal  of  the  Shenango  valley.  After 
185(1  other  furnaces  in  Pennsylvania  and  in  other  States  be- 
gan the  regular  use  of  Lake  Superior  ore. 

David  Agnew  was  bom  at  Frankstown,  in  Blair  county, 
Pennsylvania,  on  September  25, 1805,  and  died  at  Sharpsville, 
in  Mercer  county,  on  August  24, 1882,  aged  almost  77  years. 
Ilis  whole  life  was  devoted  to  the  manufacture  of  iron. 

Until  about  1877  the  mining  of  iron  ore  in  the  Lake 
Superior  region  was  confined  to  the  territory  in  the  immedi- 
ate vicinity  of  Marquette.  Since  1877,  and  particularly  sinc« 
1S79,  a  new  iron-ore  r^ion  has  been  developed  in  the  north- 
ern iMirt  of  Menominee  coimty  and  the  southern  part  of  Mar- 
quette county,  in  Michigan,  and  in  Florence  county,  Wiscon- 
sin, It  is  calleii  tlie  Menominee  district.  This  region  has 
proveti  to  be  very  productive  and  the  ore  to  be  very  pure. 

In  1$S4  tl\e  Vennilion  iron-or^  district,  in  St,  Louis 
county,  Minnesota,  on  the  northern  shore  of  Lake  Superior, 
Invamo  a  comi>etitor  with  tlie  Marquette  and  Menominee 
di^rict$  in  Uie  production  and  shipment  of  iron  oi>e,  and  in 
the  55une  ymr  tlio  Gogebic  district,  which  lies  west  of  the 
Monomineo  district  and  is  jvartly  in  Michigan  and  j^artly  in 
\Vi5»oonsiii,  aljH.^  Ixvame  a  conii>etitor.  The  shipments  from 
the  Voniiilion  district  in  1SS4  a^ijnnegaied  62.124  gross  tons, 
auvi  the  shipments  from  tlio  Crogebio  district  in  the  same 
yo;^T  ji^ro^u\i  1,022  ions.  The  lotAl  shij^ments  of  iron  ore 
froiii  iho  Marquetu\  Mononiinot\  lTc^el»ic,  and  Vennilion  dis- 
tric-ts  fTV>m  1SS4  lo  15W  have  K>en  as  follows,  in  gross  ions. 


riiv;rT,'.N  iT^-i.  l?^H  ISSf.  isST.  lyyis  mSii.  IMiMi. 


Ms'.'M.'m  ■-.  .vckost     ;.tii,.4Ci.     "i.fir.fts;     ^.s-s^.n':     ,  «i2i..**s4     i:.fijv».fi:~     Lwr.ac: 

V<'n.»Tnjn,'>ii  ....         Sft-.  fiT^  fi!»(..4Sr  XSi.  ftllr        ■..1«V..ii4:        ;.lir,.«r       ":.7%.7W       i;j»«*.«:T 

Vomii^mi.  Ta.  i:\         2C..  *sh         .-^is.:^  .Vm:Sc.         rn'^.'-ei.         sk.TK:         ♦hIiJM 


7.»t»*.    ....      '.  :il^V,:^      _4»i.ftT.       :;JW^rtr      ^  r.«;.iT~      ;..i«..«C.      T.at.TS,      ij.n:i,S7*» 

Ir.  fl:K-V.4.ior.  to  'i}ii-  sl.^vir.-iorits  filK>v(  re;\'irtT[ed  xheTf  wei>e 
4i.K*»  >ihhv.x\\  -ir.  lS>n  fm:;  ISS^  k  ff-v  ions  of  iron  ore  from 
a  t(w  sTiiii*';  rr.incs  iii  Micihixran  which  an-  noi  jffoperiy  in 
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any  of  the  districts  mentioned.  These  shipments  amounted 
to  1,879  gross  tons  in  1884  and  to  441  tons  in  1885.  Ship- 
ments from  these  mines  do  not  appear  to  have  been  continued. 
From  the  Marquette  Mining  Journal  we  compile  the  fol- 
lowing table  of  the  aggregate  shipments  from  ail  the  Lake 
Superior  iron-ore  mines  for  each  calendar  year  since  the 
commencement  of  regular  mining  operations  in  the  region. 


Yeare. 


18M. 
1855. 
1856. 
1857. 
1858. 
1850. 
1860. 
1861. 
1862. 
1863. 
1861. 
1865. 
1866. 


Gross  tons. 

3,000 

1,449 

36,343 

25,646 

15,876 

68.832 

114,401 

49,909 

124,169 

203,(y>5 

;M3,127 

236,208 

278,796 


Yeare. 


1867. 

1868 

1869. 

1870. 

1871 

1872. 

1873. 

1874. 

1875. 

1876. 

1877. 

1878. 

1879. 


Gross  tons. 

473,567 

491,449 

617,444 

830,940 

779,607 

900,901 

1,162,458 

919,557 

891,257 

992,764 

1,015,087 

1,111,110 

1,375,691 


1880. 
1881. 


Yeare.  Gross  tons. 

1,908,745 
2,306,505 

1882 2,965,412 

1883 '  2.353,288 


1884 
1885. 


2.518,692 
2,466,372 

1886 !  3,568,022 

1887 

1888 

1889 

1890 


4,730,577 
5,063,69:5 
7,292,754 
9.012,379 


Total 57,149,082 


The  iron  ores  of  Lake  Superior  which  are  not  used  in 
Michigan  are  mainly  shipped  to  Ohio,  Pennsylvania,  Illinois, 
and  Wisconsin.  They  have  been  shipped  as  far  east  as  the 
Hudson  river  valley  in  New  York  for  blast-furnace  use  and 
as  far  south  as  Alabama  for  use  in  puddling  furnaces.  About 
one-half  of  all  the  pig  iron  that  is  now  manufactured  in 
the  United  States  is  made  from  these  ores. 

From  the  discovery  of  iron  ore  in  the  Lake  Superior  re- 
gion imtil  1883  there  had  been  built  on  the  upper  peninsula, 
in  the  vicinity  of  the  mines,  twenty-five  furnaces,  of  which 
thirteen  had  been  abandoned.  There  had  also  been  built  at 
other  points  in  Michigan,  to  use  Lake  Superior  ore,  sixteen 
furnaces,  of  which  none  had  been  abandoned  in  1883.  All  of 
these  furnaces,  with  the  exception  of  two  at  Marquette  and 
one  at  Detroit,  were  built  to  use  charcoal,  and  the  abandon- 
ment of  many  of  them  is  attributable  to  the  scarcity  of  tim- 
ber for  fuel.  Since  1883  there  have  been  five  furnaces  built 
or  restored  in  Michigan,  while  a  few  have  been  abandoned, 
the  whole  number  of  furnaces  in  the  State  at  the  beginning 
of  1891  being  twenty-nine,  all  charcoal  furnaces  except  one. 
Michigan  has  long  been  the  first  State  in  the  Union  in  the 
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manufacture  of  charcoal  pig  iron.     Its  largest  production  i 
pig  iron,  all  made  with  charcoal,  was  in  1890,  when  25S,4 
net  tons  were  produced.     The  three  bog-ore  furnaces  in  1 
amazoo  and  Branch  counties  have  long  been  abandoned. 

In  1S84  there  were  three  active  rolling  mills  in  Michigan^ 
the  Eureka,  formerly  the  Wyandotte,  at  Wyandotte,  built  in 
1855;  the  rolling  mill  of  the  Baugh  Steam  Forge  Company, 
at  Detroit,  built  in  1877,  the  forge  having  been  built  in  1870 ; 
and  the  works  of  the  Detroit  Steel  and  Spring  Company,  at 
Detroit,  which  had  recently  commenced  the  manufacture  of 
crucible  steel.     In  1891  the  same  roiling  mills  were  still  i 
operation,  and  a  new  one,  built  in  1890,  was  in  operation  | 
Muskegon.     The  Detroit  Steel  and  Spring  Company  addeil 
a  Robert^Bessemer  steel  plant  to  its  works  in  1889.     In  1^ 
a  rolling  mill  was  built  at  Marquette  which  has  since  1 
abandoned.     lu  1872  a  rolling  mill  was  built  at  Jackson 
in  Jackson  county,  but  it  was  torn  down  in  1879  and  1 
machinery  removed  to  the  mill  of  the  Springfield  Iron  Com 
pany,  at  Springfield,  Ilhnois, 

Captain  Ward  was  the  most  prominent  of  all  tlie  piouM 
iron  manufacturers  of  Michigan,  his  enterprise  in  this  r 
extending  to  other  States  than  his  own. 

In  1870  Michigan  ranked  eighth  in  the  list  of  iron  i 
steel  producing  States,  and  in  1880  its  rank  was  llie  ( 
In  1S90  it  was  the  uintli  in  rank. 
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•   CHAPTER  XXXV. 

THE  EARLY  MANUFACTURE  OF  IRON  IN  WISCONSIN. 

The  census  of  1840  mentions  a  furnace  in  "Milwaukee 
town,"  which  produced  three  tons  of  iron  in  that  year.  This 
was  probably  a  small  foxindry.  In  1859  Lesley  mentions 
three  charcoal  furnaces  in  Wisconsin — Northwestern,  or  May- 
ville,  at  Mayville,  in  Dodge  county,  forty  miles  northwest  of 
Milwaukee  and  five  miles  from  the  Iron  ridge,  built  in  1848 
by  the  owners  of  Mishawaka  furnace  in  Indiana,  and  to 
which  a  foundry  was  added  in  1858 ;  Ironton,  at  Ironton,  in 
Sauk  county,  built  in  1857  by  Jonas  Tower ;  and  Black  Riv- 
er, built  in  1857  by  a  German  company  on  the  east  bank  of 
Black  river,  near  the  falls,  in  Jackson  county.  Of  these  fur- 
naces at  least  one,  Ironton,  was  built  to  produce  castings.  A 
description  of  it  in  1858  says :  "  It  is  a  small  blast  furnace, 
capable  of  producing  about  three  tons  of  iron  per  day,  and 
intended  for  the  manufacture  of  stoves,  castings,  etc."  The 
Ironton  furnace  has  recently  produced  castings  as  well  as  pig 
iron.  The  Mayville  furnace  is  still  in  operation,  having  been 
rebuilt  in  1872,  but  the  Black  River  furnace  has  long  been 
abandoned.  In  its  stead  there  was  erected  in  1885  and  1886 
a  modern  charcoal  furnace,  known  as  the  Minneapolis  fur- 
nace, owned  by  the  York  Iron  Company.  There  appear  to 
have  been  neither  forges  nor  bloomaries  in  Wisconsin  in  the 
census  years  1840,  1850,  and  1860. 

The  furnaces  which  have  been  mentioned  were  all  that 
Wisconsin  could  boast  until  1865,  when  a  charcoal  furnace  at 
Iron  Ridge,  in  Dodge  county,  was  built  by  the  Wisconsin  Iron 
Company.  This  was  soon  followed  by  several  other  furnaces, 
some  of  which  were  built  to  use  native  ores  and  some  to  use 
Michigan  ores  from  Lake  Superior.  The  Appleton  Iron  Com- 
pany built  two  furnaces  at  Appleton,  in  Outagamie  county, 
in  1871  and  1872  ;  C.  J.  L.  Meyer  built  a  furnace  at  Fond  du 
Lac  in  1874,  but  it  was  not  put  in  blast  until  the  summer  of 
1883;  the  Fox  River  Iron  Company  built  two  furnaces  at 
West  De  Pere,  in  Brown  county,  in  1869  and  1872 ;  the  Green 
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Bay  Iron  Company  built  a.  furnace  at  Green  Bay,  in  the  8 
county,  in  1870 ;  and  the  National  Furnace  Company  bui 
two  furnaces  at  De  Pere,  in  the  same  county,  in  1 
1872,  All  of  these  furnaces  were  built  to  use  charcoal. 
1870  and  1871  the  Milwaukee  Iron  Company  built  two  laxj 
furnaces  at  Bay  View,  near  Milwaukee,  and  in  1873  the  I 
nerva  Iron  Company  buitt  a  furnace  at  Milwaukee,  Thai 
three  furnaces  were  built  to  use  anthracite  coal  and  bttua 
nous  coke  and  Lake  Superior  ores.  A  furnace  called  Rid 
land  was  built  in  1876  at  Cazenovia,  in  Richland  county, 
was  torn  down  in  1879.  In  1883  there  wore  fifteen  fvirna« 
in  the  State,  twelve  of  which  used  charcoal  and  three  uw 
anthracite  coal  and  coke.  In  1890,  however,  tlie  whole  nu, 
ber  of  completed  furnaces  had  been  reduced  to  ten,  of  whifl 
six  used  charcoal  and  four  used  coke.  A  new  coke  funiai 
was  in  course  of  erection  at  West  Superior,  in  Douglas  couj 
ty.  In  1887  and  1888  there  was  built  at  Ashland,  in  Ashlai 
coimty,  a  charcoal  furnace,  60  feet  high  by  12  feet  in  width  i 
the  boslies,  which  has  made  the  best  record  in  production  4 
any  charcoal  furnace  in  the  United  States.  This  furnace  J 
called  Hinkle,  Nearly  all  the  old  charcoal  furnaces  of  Wij 
consin  have  been  abandoned. 

Wisconsin  had  no  rolling  mill  until  1868,  when  its  I 
and  thus  far  its  only  active  mill  was  built  at  Milwaukee  1 
the  Milwaukee  Iron  Company,  of  which  Captain  E,  B.  Waj 
was  a  leading  member.   This  was  from  tlie  first  a  large  mill. 
It  was  built  to  re-roll  iron  rails,  but  soon  conimcucwl  the 
manufacture  of  new  rails.    In  1874  a  merchant  bar  mill  ws^ 
added,  and  in  1884  a  nail  mill  was  added.    This  mill  i 
the  two  Bay  View  furnaces  were  operated  in  1883  by 
North  Chicago  RoIUng  Mill  Company,  but  they  are 
owned  by  the  Illinois  Steel  Corai>any. 

Within  the  last  few  years  the  mining  of  iron  ore  in  Flo 
ence  county,  Wisconsin,  formmg  the  western  continuation  i 
ttio  Menominee  district  in  Michigan,  has  been  prosecuted  « 
much  activity.  In  1882  there  were  shipped  from  this  coui 
276,017  tons  of  iron  ore.  But  the  greatest  developmeut  i 
the  iroU'Orc  resources  of  Wisconsin  has  token  place  WMX  IS 
in  the  Uogebic  district,  situated  in  the  oounties  of  Asblfl 
in  Wisconsin,  and  Ontonagon  and  Oi^bic,  in  Michigan,  ( 
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statistics  of  which  district  have  already  been  given  in  the 
Michigan  chapter.  The  eariy  charcoal  furnaces  of  Wiscon- 
sin used  poor  ores,  which  were  not  at  all  comparable  with  the 
rich  ores  now  obtained  in  the  Gogebic  and  other  districts  of 
the  Lake  Superior  region. 

Wisconsin  advanced  rapidly  in  the  manufacture  of  iron 
in  the  decade  between  1870  and  1880.  In  the  latter  year  it 
ranked  sixth  among  the  iron  and  steel  producing  States  of 
the  Union.  In  1870  it  was  twelfth  in  rank.  In  1890  it  had 
retrograded  and  was  eighth  in  rank,  being  intermediate  be- 
tween  its  position  in  1870  and  1880.  It  has  not  yet  produced 
any  kind  of  steel.  In  1890  the  building  of  a  Bessemer  steel 
plant  was,  however,  undertaken  at  West  Superior,  in  Wis- 
consin.   Its  completion  in  the  latter  part  of  1891  is  promised. 
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CHAPTER  XXXM. 

EARLY  raOX  EXTERPRISIS  Df  MISSOUEL 

Missonu  has  an  iron  histonr  which  antedates  its  admis- 
sion  into  the  Union  in  1821.  The  celebrated  iron  district  in 
Iron  and  St.  Francois  connties,  which  embraces  Iron  Moun- 
tain and  Pilot  Enob,  appears  to  have  contained  the  first  iron 
enterprise  in  this  State. 

Mr.  William  A.  Fletcher,  of  Ironton,  clerk  of  the  court  of 
Iron  county,  writes  us  as  follows :  "  There  was  <Hice  an  iron 
furnace  in  the  northeast  quarter  of  section  3,  township  33, 
north  of  range  4  east,  on  Stout's  creek,  just  two  miles  east 
of  the  Ironton  court-house.  Some  of  the  debris  remains  to 
be  seen  to  this  day.  I  can  recollect  seeing  some  of  the  old 
castings,  in  the  shape  of  wheels,  scattered  around  when  I 
was  a  small  boy  some  forty  years  ago." 

We  are  also  in  receipt  of  a  letter  from  Mr.  A.  W.  HoUo- 
man,  of  Arcadia,  the  countr  surveyor  of  Iron  county  for  the 
last  thirty-three  years,  who  gives  us  the  recollections  of  Mr. 
Leonard  Sutton,  an  old  settler,  who  distinctly  remembers  the 
iron  enterprise  on  Stout's  creek,  which  he  styles  Ashebran's 
furnace.  Mr.  Sutton  savs  that  the  furnace  was  located  on 
Stout's  creek,  about  one  and  a  half  miles  from  the  settle- 
ment of  his  fatlier,  who  moved  into  the  northeast  comer  of 
Iron  county  ithen  known  as  Upper  Louisiana  Territory)  in 
1S17.  He  further  savs  that  the  furnace  was  built  bv  a 
I.»erson  name<3  Ashebran  and  others  about  1815  or  1816,  and 
that  he  has  often  seen  "  the  old  shaft/'  to  haul  which  requir- 
ed the  efforts  of  twelve  oxen.     Mr.  Holloman  savs  that  he 
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has  himself  often  seen  the  site  of  the  furnace,  or,  as  he  terms 
it.  the  forge.  Mr.  Sutton  adds  tliat  the  ore  for  the  furnace 
was  obtaine<l  on  Shephenl  mountain,  which  was  about  three 
miles  northwest  of  the  furnace.  Mr.  Holloman  savs  that  there 
can  be  no  doubt  of  the  existence  of  this  pioneer  enterprise  as 
earlv  as  1815  or  1816. 

In  a  second  letter  from  Mr.  Holloman  he  savs  that  Mr. 
Sutton  tells  him  that  *' castings**  were  made  on  Stout's  creek, 


"  but  mostly  bar  iron,"  aud  Mr.  Holloraan  himself  says  that 
it  is  his  own  impression  that  "  bar  iron  was  what  was  most 
ly  made  by  this  infant  enterprise."  Mr.  Sutton  further  says 
ttiat  "  on  one  end  of  the  big  shaft  was  a  water-wheel  and  on 
the  other  end  was  a  wheel  so  arranged  as  to  lift  the  hammer 
which  beat  out  the  bars  of  iron."  He  intimates  that  a  water- 
blast  was  used.  In  a  second  commuuication  Mr,  Fletcher 
states  that  he  often  heard  bis  father  speak  many  years  ago 
of  the  bar  iron  tliat  was  hammered  at  Ashebran's  works,  and 
of  Ashebran  himself  as  a  hammerman.  The  evidence  seems 
to  be  conclusive  that  botli  castings  and  bar  iron  were  made 
by  Ashebran,  Either  a  furnace  and  a  refinery  forge  were 
cotemporary  enterprises  or  a  furnace  and  a  Catalan  forge 
were  built  at  different  periods.  The  works  were  located  on  a 
stream  which  furnished  excellent  water-power. 

Another  early  enterprise  in  Missouri  of  which  we  have 
obtained  full  information  was  a  bloomary  forge  on  Tliicketty 
creek,  a  tributary  of  the  Maramec  river,  in  Crawford  county, 
near  the  Washington  county  line,  three  miles  south  of  the 
present  town  of  Bourbon.  Cresswell's  mill  was  afterwards 
built  abo'bt  one  hundred  yards  from  the  site  of  this  early 
iron  enterprise.  The  bloomary  was  variously  styled  Harri- 
son's furnace,  Harrison's  forge,  Harrison's  bloomary,  and  the 
Harrison  iron  works.  The  works  were  of  a  primitive  char- 
acter, consisting  of  "  a  stono  stack  built  into  the  hill  so  that 
it  could  be  easily  filled  from  the  top.  It  was  rudely  con- 
structed of  logs  and  rock."  They  were  built  in  1819  or  1820 
by  William  Harrison  and  Josiah  Reeves,  and  were  certainly 
in  operation  in  1820.  Thomas  Reeves  was  the  foi^eman.  We 
are  told  that  the  bloomary  "was  built  like  a  blacksmith's 
forge,  only  much  larger,  and  was  a  water-blast.  The  ore  was 
burnt,  then  crushed,  and  put  into  the  forge  with  charcoal. 
The  iron  was  made  into  long  bars."  It  was  used  for  wagon 
tires,  mattocks,  grubbing  hoes,  plowshares,  horseshoes,  etc. 
The  bloom  of  iron  was  hammered  under  a  spring-pole  ham- 
mer on  an  anvil  which  rested  upon  "  an  anvil-block  formed 
of  a  section  of  a  tree  four  feet  in  diameter  and  buried  mostly 
in  the  ground."  The  ore  used  was  brown  hematite  mixed 
with  blue  ore :  it  was  hauled  in  ox-carts  from  the  adjacent 
hills  by  Battle  Harrison,  a  son  of  William  Harrison.     The 
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works  continued  in  operation  for  aeveral  years.     They  Imve 
long  been  in  ruins,  as  ia  also  Cresswell's  mill. 

For  tlie  above  circumstantial  information  concerning  tlie 
Harrison  blooraary  we  are  indebted  to  the  politeness  of  B.  F. 
Russell,  Esq.,  eflitor  of  the  Crawford  Min<yr,  at  SteelvUIe,  Mis- 
souri. Judge  Robinson,  who  was  reared  in  the  Iron  Moun- 
Uiiii  country,  and  who  has  been  consulted  by  Mr.  Russell, 
says  that  there  was  "  a  log  furnace  "  in  Iron  county  which 
"  was  built  about  the  time  of  the  Harrison  bloomary,"  thua 
confirming  other  information  which  we  have  given  concern- 
ing that  enterprise. 

A  few  years  after  the  establishment  of  the  Harrison 
bloomary  a  blast  furnace,  called  Spruigfield,  was  built  in 
AVashington  county,  about  six  miles  south  of  Potosi,  The 
geologist  G.  C.  Swallow  is  quote<l  by  Lesley  on  page  597  of 
The  Iron  Manufacturer's  Guide  as  follows :  "  The  earliest  at- 
tempt in  Missouri,  and  in  all  probability  in  any  of  the  States 
west  of  the  Ohio,  to  smelt  iron  ore  was  in  1823  or  1824,  when 
a  blast  furnace  was  erected  in  Washington  county  by  Eversol, 
Perry  &  Ruggles,  between  Potosi  and  Caledonia.  This  fur- 
nace was  afterwards  known  as  Perry's  old  iron  fumdce."  The 
ore  for  this  furnace  was  at  first  obtained  from  Claer  creek, 
but  afterwards  "  from  near  Absalom  Eaton's  place,  and  was 
mixed  with  ore  brought  from  the  Iron  Mountain."  Mr.  Swallow 
continues :  "  In  connection  witli  this  blast  furnace  were  two 
forges.  The  first  bar  of  iron  made  out  of  pig  metal  in  Mis- 
souri, Colonel  Mcllvaine  says,  was  made  on  Cedar  creek  in 
May,  1825,  and  the  first  blooms  were  made  in  1832."  The 
enterprise  here  referred  to  was  Springfield  furnace,  but  it  was 
not  the  first  furnace  in  Missouri,  as  has  already  been  shown. 

In  tlie  prosijectns  of  the  Missouri  Iron  Comi>any,  printed 
in  1837,  we  find  it  stated  that  Springfield  furnace  bad  been 
oi»erated  "  for  more  ttian  fifteen  years  "  prior  to  tliat  year.  In 
that  year  tlie  furnace  was  in  operation,  when  it  was  called 
"  a  small  furnace,"  A  forge  was  then  attached  to  it,  and 
"  a  blooming  forge  "  was  promised  "  the  ensuing  year."  The 
prospectus  further  states  that  "cannon  balls,  made  from  the 
Iron  Mountain  ore  during  tlie  late  war,  after  ha\-ing  been 
exjTOsed  for  several  years  to  the  open  atmosphere  and  rains,  , 
still  maintained  tlieir  original  metallic  lustre."    The  cannon  J 
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balls  referred  to  would  probably  be  used  in  the  Black  Hawk 
war  of  1832.  Mr.  Russell  tells  us  that  camion  balls  were 
certainly  made  for  the  General  Government  at  Springfield 
furnace  in  1832,  citing  as  his  authority  a  history  of  Craw- 
ford and  Franklin  comities  in  his  possessioii. 

Maramec  furnace,  in  Phelps  county,  about  sixty  miles  west 
of  Iron  Mountain,  was  finished  in  January,  1829,  and  rebuilt 
many  years  afterwards.  It  was  probably  projected  in  1826,  as 
in  that  year  the  ore  banks  in  the  vicinity,  about  half  a  mile 
west  of  the  Maramec  river,  were  opened  by  Masaey  i&  James. 
The  ore  was  tested  at  Harrison's  bloomary  before  the  furnace 
was  built.  This  old  furnace  was  still  standing  a  few  years 
ago,  but  it  was  not  in  operation  and  has  now  been  abandoned, 
At  an  early  day  a  forge  was  added  to  the  furnace,  to  convert 
its  pig  iron  into  bar  iron,  and  this  forge,  ^vith  eight  fires,  was 
also  recently  standing  but  abandoned,  its  product  being  char- 
coal blooms.  In  1843  a  rolling  mill  was  added  to  the  furnace 
and  forge,  but  it  was  "abandoned  after  one  year's  trial,  be- 
cause of  the  sulphur  in  the  stone  coal  obtained  at  a  bank 
fourteen  miles  southeast."  The  Maramec  furnace  and  forge 
were  long  called  the  Massey  iron  works. 

In  the  census  of  1840  Missouri  is  credited  with  two  fur- 
naces, one  in  Crawford  county  and  one  in  Washington  county. 
It  is  also  credited  with  three  forges  in  Crawford  county  and 
onf  in  Washington  county.  The  furnace  in  Crawford  county 
was  Maramec,  Phelps  county  not  having  then  been  organiz- 
ed, and  the  forges  in  Crawford  county  were  doubtless  attach- 
etl  to  Maramec  furnace.  The  furnace  in  Washington  county 
was  Springfield,  and  the  forge  was  doubtless  the  one  which 
was  attached  to  this  furnace.  We  do  not  hear  of  Springfield 
furnace  and  forge  after  this  time. 

In  1836  the  remarkable  iron-ore  mountains  already  men- 
tioned— Iron  Mountain  and  Pilot  Knob — attracted  the  atten- 
tion of  some  Missouri  capitalists,  and  in  the  fall  of  that  year 
the  Missouri  Iron  Company,  with  a  nominal  capital  of  1^,000,- 
000,  was  formed  to  utilize  their  ores,  the  legislature  charter- 
ing the  company  on  December  31,  1836.  In  January,  1837, 
the  company  was  fully  organized  under  the  presidency  of 
Silas  Drake,  of  St.  Louis,  who  was  soon  succeeded  by  J.  L. 
Van  Doren,  of  Arcadia,  but  active  work  in  the  development 
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of  its  property  does  not  appear  to  have  been  undertaken  ontjl 
some  years  afterwards,  when  a  few  furnaces  were  erected  at 
the  foot  of  the  mountains  by  other  companies.  In  1346  a 
fnmace  was  built  at  the  southwest  base  of  Little  Iron  Moun- 
tain, which  was  followed  in  1850  by  another  fnmace  at  the 
same  place,  and  in  1854  by  still  another.  In  1849  a  furnace 
was  built  on  the  north  side  of  Pilot  Knob,  which  was  follow- 
ed in  1855  by  another  at  the  same  place.  These  were  all 
charcoal  furnaces,  and  were  exceptionally  well  managed  in 
1857,  when  they  were  visited  and  described  by  Charles  B. 
Forney,  of  Lebanon,  Pennsj'lvania.  At  that  time  two  of  the 
Iron  Mountain  furnaces  and  one  of  the  Pilot  Knob  furnaces 
used  hot-blast.  Of  all  these  furnaces  only  one  of  the  Pilot 
Knob  furnaces  is  now  left,  and  it  was  remodeled  in  1879. 

In  1840  Moselle  furnace  was  built  at  Moselle,  in  Franklin 
comity,  and  in  1859  a  furnace  was  built  at  Irondale,  in  Wash- 
ington county,  both  furnaces  to  use  charcoal.  These,  with  the 
furnaces  previously  mentioned,  appear  to  have  been  all  that 
were  built  in  Missouri  prior  to  1860.  Both  the  Moselle  and 
the  Irondale  furnaces  have  been  abandoned.  Since  1860, 
anil  particularly  since  1870,  other  charcoal  furnaces  have  been 
built  in  Missouri,  but  most  of  these  have  been  abandoned, 
only  two  of  the  new  furnaces,  Midland,  in  Crawford  county, 
built  in  1875,  and  Sligo,  in  Dent  county,  built  in  1880,  being 
now  active. 

The  iron  industry  of  Sl  Louis  appears  to  have  had  its 
commencement  in  1850,  when  the  St.  Louis,  or  Laclede,  roll- 
ing mill  was  built.  It  was  followed  by  the  Missouri  rolling 
mill,  built  in  1854;  by  the  Allen  rolling  mill,  built  in  1855; 
by  the  Pacific  rolling  mill,  built  in  1856;  and  by  Raynor's 
rolling  mill,  built  in  1858. 

In  1880  there  were  seven  rolling  mills  in  St.  Louis,  and 
there  were  then  no  others  in  Missouri.  One  of  these,  the 
Vulcan,  built  in  1872,  was  built  to  roll  iron  rails  but  after- 
wards rolled  steel  rails.  Two  other  mills  rolled  light  iron 
rails  and  bar  iron.  In  1882  there  was  one  rolling  mill  less 
than  in  1880,  six  in  all,  and  there  were  seven  in  1890,  five 
in  St.  Louis.  The  Bessemer  works  of  the  Vulcan  Steel  Com- 
pany were  built  in  1875  and  1876.  They  and  the  rolling 
mill  connected  with  them  are  now  idle.     Thev  are  owneil 
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by  the  St.  Louis  Ore  and  Steel  Company.  Misaoiiri  had  no 
other  steel  works  in  1883.  In  1887  Mr.  J.  H.  Sternbergh,  of 
Reading,  Pennsylvania,  commenced  the  erection  of  bolt  and 
nut  works,  to  which  was  attached  a  small  rolling  mill,  near 
Kansas  City,  and  in  1889  a  rolling  mill  of  considerable  ca- 
pacity was  built  at  St.  Joseph,  to  which  was  added  in  1890 
a  Robert-Bessemer  steel  plant. 

St.  Louis  had  no  blast  furnaces  until  1863,  when  the  Pi- 
oneer furnace  was  built  at  Carondelet,  to  use  coke.  It  was 
in  blast  in  1873,  but  in  1874  it  was  torn  down  and  remov- 
ed by  the  Pilot  Knob  Iron  Company.  In  1869  the  Vulcan 
Iron  Works,  now  the  St  Louis  Ore  and  Steel  Conjpany, 
built  two  furnaces,  which  were  followed  in  1872  by  another 
furnace  built  by  the  same  company.  In  1S70  and  1872  the 
South  St.  Louis  Iron  Company  built  two  furnaces  ;  in  1870 
the  Missouri  Furnace  Company  built  two  ;  and  in  1873  Ju- 
piter furnace  was  built,  but  it  was  not  put  in  blast  until 
1880.  These  eight  furnaces  were  all  built  to  use  Illinois  or 
Connellsville  coke  and  Missouri  ores.  Of  the  whole  number 
only  five  are  now  standing,  and  not  all  of  these  are  active. 

In  1871  a  large  forge,  called  the  Germania  iron  works,  wag 
built  at  South  St.  Louis  to  make  charcoal  blooms  from  pig 
irou,  but  it  has  been  abandoned  for  several  years.  In  1873  a 
forge  was  built  at  Kimmswick,  in  Jefferson  county,  which  was 
enlarged  and  remodeled  in  1877  by  the  Peckham  Iron  Cora- 
'  pany,  its  product  after  the  enlargement  being  charcoal  blooms 
made  direct  from  the  ore.  It  was  in  operation  in  1886,  but 
has  since  been  abandoned  and  dismantled. 

In  1883  there  were  nine  charcoal  furnaces  and  eight  coke 
furnaces  in  Missouri,  but  in  1890  there  were  only  three  char- 
coal furnaces  and  five  coke  furnaces  which  could  be  regarded 
as  active  or  likely  to  be  active.  From  1870  to  1880  the  iron 
industry  of  Missouri  was  the  prey  of  adverse  circumstances, 
and  in  the  latter  year  it  lost  the  prominent  rank  it  had  held 
among  iron-producing  States.  It  ranked  sixth  in  1870,  but 
in  1880  it  had  fallen  to  the  tenth  place.  In  1890  it  was  thir- 
teenth in  rank.  The  shipments  of  iron  ore  from  Missouri 
to  other  States  for  many  years  averaged  over  100,000  tons 
annually,  but  they  have  now  greatly  declined,  and  are  so 
small  that  they  do  not  attract  any  attention. 


Tkxas  bad  ODe  blast  furnace  before  the  beginning  of  the 
dyU  «ar.  It  was  located  in  tbe  extreme  Dortheastem  part 
of  Cass  coontT,  and  had  been  in  opetatioo  for  several  Tears 
prior  to  1S59.  In  that  vear  Dr.  B.  F.  Shomani,  State  geol- 
ogist, said  of  this  furnace  that  "  it  was  erected  severai  years 
since  hy  Mr.  Nash,"  whose  full  name  was  J,  S.  Nash.  Dr. 
Shomard  said  that  it  had  been  "  in  near^  constant,  and  I 
believe  profitable,  operation  up  to  the  present  time."  This 
furnace  continued  in  operation  during  the  war. 

In  1358  the  erection  of  a  furnace  about  one  and  a  half 
miles  southeast  of  Hughes  Springs,  in  tbe  aonthwestem  pert 
of  Casa  county,  was  commenced,  but  the  furnace  was  not 
put  in  blast  until  1S61.  "  Mr.  Hughes  built  the  furnace  but 
never  operated  it,  as  the  Confederate  Government  took  charge 
of  it  soon  after  its  erection."  In  1S63  the  Sulphur  Fork 
Iron  Company  built  a  furnace  "  on  Horton's  headrigbt,  just 
west  of  Springdale,"  in  Cass  county,  "  The  furnace  was  built 
of  brick,  and  was  34  feet  square  and  3C  feet  high."  During 
the  war  a  furnace  was  built  about  eight  miles  from  Jack- 
sonville and  three  miles  from  tjie  Neches  river,  in  Cherokee 
county,  which  was  known  as  Young's  iron  works,  taking  its 
name  from  Dr.  Young,  the  president  of  the  company  which 
built  it.  This  fnmace  was  built  of  bron-n  sandstone,  and 
was  34  feet  square  at  the  base  and  the  same  number  of  feet 
high.  About  eight  miles  south  of  Rusk,  in  Cherokee  county, 
were  located  Philleo's  iron  works,  consisting  of  a  blast  fur- 
nace and  foundrj',  which  were  also  built  during  tlie  war. 

While  these  furnaces  were  in  operation  during  the  civil 
war,  partly  iu  aid  of  the  Confcdemte  Government,  other  iron 
enterprises  were  undertaken  in  Texas.  All  these  enterprises 
were  ore  bloomaries.  Near  Nechesville,  in  Anderson  cotmty, 
a  bloomarj"  was  erected  in  1863  by  Dr.  Charles  Busaey  and 
Joseph  P.  Griggs,  with  whom  was  afterwards  associated  Dr. 
J.  B.  Bussey.   This  bloomary  was  operated  with  steam-power 
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"and  two  tub  bellows,  or  blowing  cylinders."  Good  iron  was 
made  with  ore  from  a  neighboring  mountain  and  pine  char- 
coal. The  works  were  burued  before  the  war  closed,  A 
bloomary  called  Montalbo  was  built  about  1863  on  the  south- 
em  bant  of  Mount  Prairie  creek,  eight  or  nine  miles  north  of 
Palestine,  in  Anderson  county,  and  about  ten  miles  south  of 
the  Necheaville  bloomary,  which  was  operated  by  the  Con- 
federate Government.  "  From  the  iron  smelted  there  gun 
barrels  and  other  munitions  of  war  were  manufactured."  A 
short  distance  north  of  the  Nechesville  bloomary,  in  the  vicin- 
ity of  Kickapoo,  the  Confederate  Government  began  the  erec- 
tion of  Kickapoo  bloomary,  but,  aa  far  as  can  be  ascertained, 
it  was  never  completed.  A  bloomary,  known  as  McLain,  or 
Linn  Flat,  was  built  during  the  latter  part  of  the  war  in  the 
northern  part  of  Nacogdoches  county,  about  twelve  miles  from 
the  town  of  Nacogdoches  and  six  miles  from  Linn  Flat.  It 
was  in  operation  eight  months,  and  during  that  time  made 
about  150,000  pounds  of  hammered  iron  bars.  This  bloom- 
arj-,  like  tlie  Nechesville  bloomary,  was  burned.  In  addition 
to  the  bloomaries  above  mentioned  another  was  undertaken 
by  the  Confederate  Government  a  few  miles  east  of  Neches- 
ville, in  Cherokee  county,  but  it  was  never  finished. 

Without  an  exception  all  the  furnaces  and  bloomaries  in 
Texas  wliich  have  been  mentioned  were  abandoned  either 
during  the  civil  war  or  soon  after  its  close. 

For  tlie  information  contained  in  the  foregoing  summary 
of  early  iron  enterprises  in  Texas  we  are  indebted  to  a  valu- 
able paper  contributed  by  E.  T.  Dumble  and  to  be  found  in 
the  second  annual  report  of  the  Geological  Survey  of  Texas, 
published  by  the  State  in  1891. 

In  1869  a  charcoal  furnace  was  built  five  miles  north  of 
JefEerson,  in  Marion  county,  which  went  into  blast  in  1870 
but  was  rebuilt  iu  1874.  It  was  in  operation  in  1880,  and 
was  then  the  only  active  furnace  in  the  State.  It  was  called 
Kelly  furnace,  after  Mr,  G.  A.  Kelly,  the  president  of  the 
Jefferson  Iron  Company,  by  which  it  was  built.  In  1882  it 
was  sold  to  the  Marshall  Car  Wlieel  and  Foundry  Company, 
which  changed  its  name  to  Lou-Ellen  furnace  and  operated  it 
until  1885,  when  it  was  finally  blown  out.  It  was  torn  down 
in  1888.     It  usetl  brown  hematite  ore  found  in  the  neigh- 


borhood.  In  18S3  a  furnace  was  built  by  the  State  of  Texas 
at  Rusk,  in  Cherokee  county,  and  called  Old  Alcalde.  It 
was  pat  in  blast  in  Februarj',  1884,  since  which  time  it  has 
been  almost  continually  in  operation.  A  pipe  foundry  is 
connected  with  the  furnace,  and  melted  iron  is  run  directly 
into  water  pipe  of  all  sizes.  These  works  are  owned  and 
operated  by  the  State  of  Texas  in  connection  with  the  State 
penitentiary  at  Rusk.  In  1890  the  Lone  Star  Iron  Company 
built  a  large  furnace  at  Jefferson,  in  Marion  county,  which 
was  blown  in  in  the  spring  of  1891.  The  name  of  the  fur- 
nace is  Jefferson.  In  1890  the  New  Birmingham  Iron  and 
Land  Company  built  a  large  furnace  called  Tassie  Belle  at 
Xew  Birmingham,  in  Cherokee  county,  which  was  put  in 
blast  in  the  latter  part  of  that  year.  In  1890  the  Cherokee 
Iron  Manufacturing  Company  commeuced  the  erection  at 
New  Birmingham  of  a  large  furnace,  at  first  called  La  Mas- 
cotte  and  now  known  as  Star  and  Crescent,  which  woiild 
probably  be  completed  in  1891.    All  these  are  charcoal  fur- 


The  first  rolling  mill  in  Texas  was  started  at  Houston  in 
May,  1884.  A  small  rolling  mill  at  Fort  Worth  was  built 
in  1890  and  1891  and  put  in  operation  in  the  latter  year. 
The  Houston  and  Fort  Worth  mills  do  not  have  puddling 
furnaces. 

Texas  is  well  supplied  with  iron  ores,  some  of  which  are 
said  to  be  of  Bessemer  quaUty,  and  for  many  years  to  come 
there  will  be  no  scarcity  of  timber  for  charcoal  Brown  coal 
exists  in  many  parts  of  the  State,  and  good  coking  coal  haa 
been  found  in  the  southwestern  portion.  Much  is  expected 
from  the  promised  development  at  an  early  day  of  the  exten- 
sive iron-ore  deposits  of  Llano  and  adjacent  counties.  From 
this  time  forth  Texas  is  entitled  to  recognition  as  one  of  th«  i 
promising  iron-producing  States  of  tlie  Union. 
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CHAPTER   XXXVIII. 

THE  MANUFACTURE  OF  IRON  IN  VARIOUS  WESTERN 
STATES  AND  IN  THE  TERRITORIES. 

In  1884  Minnesota  had  one  charcoal  furnace,  situated  at 
Duluth,  which  was  commenced  in  1872  and  not  finished  un- 
til 1880.  It  was  put  in  blast  on  July  12,  1880,  and  ran  ir- 
regularly initil  1883,  after  which  year  it  was  virtually  aban- 
doned. It  is  now  wholly  abandoned.  Its  projectors  failed, 
and  after  passing  through  the  hands  of  creditors  it  was  pur- 
chased by  the  Duluth  Iron  Company.  It  obtained  its  sup- 
ply of  ore  from  the  Lake  Superior  mines  in  Michigan.  In 
1889  the  Duluth  Iron  and  Steel  Company  commenced  the 
erection  at  Duluth  of  a  large  coke  furnace,  75  feet  high  by 
16  feet  wide,  which  haa  since  been  completed  but  had  not 
been  blown  in  early  in  1891.  In  1884  a  small  rolling  mill 
was  built  and  put  in  operation  at  Minneapolis  by  Strothman 
Brothers,  but  it  was  abandoned  and  dismantled  in  1887.  In 
1885  and  1886  Morgan,  Williams  &  Co.  built  a  small  rolling 
mill  at  St.  Paul,  which  was  afterwards  known  as  the  Capital 
iron  works,  but  it  was  not  long  in  operation  and  has  been 
abandoned.  In  1888  and  1889  a  more  ambitious  rolling- 
mill  enterprise  was  undertaken  at  Duluth  by  the  Minnesota 
Iron  Car  Company,  and  in  the  latter  year  it  was  put  in  op- 
eration. It  was  in  active  operation  in  1890.  The  valuable 
iron-ore  deposits  in  the  Vermilion  district  of  Saint  Louis 
county,  Minnesota,  have  already  been  referred  to  in  the 
Michigan  chapter.  The  ore  of  this  district  possesses  the 
same  general  characteristics  as  that  of  Northern  Michigan. 
Iron  ore  has  been  found  in  other  counties  in  Minnesota. 

In  1857  a  bloomary  called  Big  Creek  was  built  about  six 
miles  southwest  of  Smithville,  in  Lawrence  county,  Arkansas, 
by  Alfred  Bevens  &  Co.  In  1858  Lesley  describes  it  as  "a 
bloomary  with  two  fires  and  a  hammer,  making  250  pounds 
of  swedged  iron  per  day  per  fire,  with  a  cold-blast  in  Novem- 
ber, 1857,  but  has  now  a  hot-blast,  and  is  making  perhaps  800 
pounds,  using  300  bushels  of  charcoal  to  the  ton  of  tinished 
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bars,  made  ont  of  brown  hematite  ore."  The  bloomary  was 
driven  by  water-power.  It  is  not  mentioned  in  the  census  of 
1860  or  1870,  and  has  been  abandoned.  Mr.  Clarke  V,'.  Har- 
rington, of  BerryviUe,  Carroll  county,  writes  us  that  in  ISoO 
an  Englishman  named  Abram  Beach  built  a  bloomary  in  this 
county,  which  was  in  operation  for  a  few  years,  when  it  was 
swept  away  by  a  freshet.  It  was  succeeded  by  the  "  Hig- 
gins  grist  mill,"  The  hammer  used  at  this  bloomary  may 
now  be  seen  on  its  site.  Mr.  Harrington  says  that  "  Beach 
made  a  large  number  of  plow  coulters,  many  of  which  are 
still  in  use."  From  the  same  gentleman  we  learn  that  old 
residents  of  Carroll  county  have  a  tradition  that  iron  was 
once  made  in  that  county  in  hollow  stumps  of  trees,  which 
is  not  improbable,  the  iron  ore  of  this  county  being  a  soft 
hematite,  which  could  easily  be  reduced.  Iron  ore  of  the 
tjuality  mentioned  is  very  abundant  near  Berrj'ville,  We 
have  no  knowledge  that  any  other  iron  enterprises  than 
those  above  mentioned  have  ever  existed  in  this  State. 

Arkansas  is,  however,  not  lacking  .in  the  natural  resources 
which  are  required  for  tlie  production  of  iron.  It  has  iron 
ore,  coal,  and  limestone,  and  extensive  forests  of  timber. 
In  1885  two  companies  commenced  the  development  of  tJie 
manganese  deposits  in  the  neighborhood  of  Batesville,  in  the 
northeastern  part  of  tliis  State,  but  their  operations  have  not 
been  very  actively  prosecuted.  The  total  production  of  man- 
ganese in  Arkansas  in  1889  was  2,528  gross  tons. 

In  a  pamphlet,  entitled  the  Produrls  and  Resources  of  At- 
kofisas,  compiled  by  D.  McRae,  and  published  by  direction 
of  the  Governor  of  Arkansas  in  1885,  we  find  the  following 
reference  to  a  deposit  of  iron  ore  which  is  found  in  South- 
western Arkansas.  "Altogether  the  most  remarkable  and  in- 
teresting mineral  of  all  this  region  is  the  white  malleable 
iron,  regarding  the  existence  aud  malleability  of  which  a 
great  deal  of  skepticism  is  said  to  exist.  It  is  found  in  the 
corner  of  Howard  county  adjoining  the  frontier  of  Mont- 
gomery, Polk,  and  Pike.  During  the  war,  it  is  stated  on 
good  autliority,  the  inhabitants  of  the  vicinity  used  to  take 
the  ore  as  it  was  picked  up  from  the  ground  and  in  an  or- 
dinary blacksmith's  forge  hammer  it  into  horseshoe  naila. 
The  outcrop  of  this  ore,  as  far  as  it  has  been  explored,  runs 
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for  two  miles  west  to  east,  showing  a  wiitth  of  from  15  to 
30  feet,  with  an  unknown  depth." 

Kansas  had  two  foiling  mills  in  operation  in  1880,  both 
of  which  were  built  to  re-roll  rails.  One  of  these,  at  Rose- 
dale,  in  Wyandotte  county,  three  miles  from  Kansas  City, 
was  then  owned  by  the  Kansas  Rolling  Mill  Company. 
This  mill  was  once  in  operation  at  Decatur,  Illinois,  where  it 
was  built  in  1870,  and  whence  it  was  removed  to  Rosedale 
in  1875.  It  is  now  owned  by  the  Western  Iron  Company. 
It  has  been  idle  since  1882.  The  other  mill  was  located  at 
Topeka,  and  was  built  in  1874  by  the  Topeka  RoUing  Mill 
Company.  This  mill  was  burned  in  April,  1881,  and  was  not 
rebuilt. 

In  1885  the  Iowa  Rolling  Mill  Company  built  a  rolling 
mill  for  the  manufacture  of  bar  iron  at  Burlington,  Iowa, 
and  in  the  same  year  it  was  put  in  operation.  In  1887  it 
was  enlargetl  and  in  1889  it  was  still  further  enlarged.  It 
was  idle  in  1890.     This  is  the  only  iron  enterprise  in  Iowa. 

Nebraska  had  one  iron  enterprise  in  operation  in  1880, 
a  rolling  mill  and  cut-nail  factory  at  Omaha,  owned  by  the 
Omaha  Iron  and  Nail  Company.  These  works  were  first 
built  at  Dunleith,  Illinois,  in  1875  and  1876,  and  were  re- 
moved to  Omaha  in  1879  and  considerably  enlarged.  They 
had  an  annual  capacity  of  65,000  kegs  of  nails.  These 
works  have  been  abandoned.  The  machinery  was  removed 
to  St.  Joseph,  Missouri,  in  1888  and  1889. 

The  first  iron  enterprise  in  Colorado  was  a  small  charcoal 
furnace  at  Langford,  in  Boulder  county,  in  the  northern  part 
of  the  State.  Its  erection  was  undertaken  in  1862  by  a  com- 
pany called  Langford  &  Co.,  composed  of  A.  G.  Langford, 
J.  M.  Marshall,  William  L.  Lee,  and  Milo  Lee,  and  it  was 
finished  and  put  in  blast  in  1864.  In  1865  it  went  out  of 
blast  and  was  soon  afterwards  abandoned.  It  is  said  that 
"  in  a  two-months'  run  some  250  tons  of  pig  iron  "  were  pro- 
duced. Iron  ore  was  obtained  in  the  neighborhood  and  char- 
coal was  burned  "  in  the  foot-hills."  Mr.  Marshall  was  the 
manager.  The  furnace  was  abandoned  because  oxen  furnish- 
ed the  only  mode  of  transportation,  which  was  too  expensive. 
In  1861  the  same  company  bnilt  a  foundry  at  Denver,  but 
during  the  next  year  it  was  removed  to  Blackhawk,  in  Gilpin 
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connty.  The  furnace  at  Langford  was  built  to  supply  pig 
iron  for  foundry  purposes.  Bituminous  coal  is  now  mined 
at  Langford,  and  extensive  deposits  of  iron  ore  are  near  at 
hand. 

In  1877  a  rolling  mill  was  removed  by  William  Faux 
from  Dan'\ille,  Pennsylvania,  to  Pueblo,  Colorado,  and  put  in 
operation  on  March  1, 1878,  the  product  being  re-rolled  rails. 
In  tlie  same  year  it  was  removed  to  Denver.  In  1880  this 
mill  was  purchased  from  the  Denver  Rolling  Mill  Company 
by  the  Colorado  Coal  and  Iron  Company,  It  was  at  work  in 
1883,  rolling  bar  iron  as  well  as  re-rolling  rails.  It  was  aban- 
doned in  1889.  In  1880  the  Colorado  Coal  and  Iron  Com- 
pany commenced  the  erection  of  a  large  coke  furnace  at 
Pueblo,  Colorado,  which  was  put  in  blast  on  September  7, 
1881.  In  the  former  year  it  also  commenced  the  construction 
of  Bessemer  steel  works  at  the  same  place,  which  were  finish- 
ed in  1882.  These  enterprises  formed  the  beginning  of  a  very 
extensive  and  complete  establishment,  which  now  embraces 
two  blast  furnaces,  Bessemer  st«el  works,  rolling  mills  for 
rolling  steel  rails,  bar  iron,  etc.,  a  pipe  foundry,  and  a  nail 
mill.  The  erection  of  a  third  blast  furnace  has  been  com- 
menced. Extensive  coke  works  have  been  built  by  the  com- 
pany at  El  Moro,  Crested  Butte,  and  elsewhere.  At  Gunnison 
the  erection  of  two  furnaces  to  use  coke  was  undertaken  by 
the  Gunnison  Coal  and  Steel  Company  in  1884,  but  the  fur- 
naces were  never  built.  At  Trinidad,  in  Los  Animas  county, 
a  rolling  mill  was  built  in  188S  and  1889  and  put  in  opera- 
tion in  April,  1889,  to  roll  bar  iron  and  light  rails. 

The  Union  Pacific  Railroad  Company  built  a  rolling  mill 
to  re-roll  rails  at  Laramie  City,  Wyoming,  in  1874,  and  put 
it  in  operation  in  April,  1875.  It  has  ever  since  been  in  of>- 
eration,  but  its  products  are  now  bar  iron,  mine  rails,  nuts, 
bolts,  spikes,  and  track  fastenings. 

In  1859  Lesley  reported  a  forge  in  Utah  Territory, "  smelt- 
ing iron  ore  found  in  the  mountains  east  of  Salt  Lake  City, 
but  no  reliable  information  could  be  obtained  respecting  it," 
It  does  not  appear  in  the  census  of  18G0.  Dr.  J.  S,  Newberry 
writes  that  in  1880  he  "  visited  the  deposit  of  crystalline  iron 
ore  of  Iron  county,  in  the  southern  part  of  the  Territory*. 
These  ore  beds  have  been  long  known,  and  were  to  some  ex- 
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tent  utilized  by  the  Mormons  in  their  first  advent  thirty  years 
ago.  The  iron  region  referred  to  lies  nearly  300  miles  direct- 
ly south  of  Salt  Lake  City."  In  1873  and  1874  the  Great 
Western  Iron  Company,  of  which  John  W.  Young  was  pres- 
ident, built  a  charcoal  furnace  at  Iron  City,  in  Iron  county. 
It  was  in  blast  in  1874  and  the  two  following  yoars,  but  was 
afterwards  abandoned  and  has  had  no  successor.  It  was  a 
very  small  furnace,  being  only  19  feet  high  and  4  feet  wide 
at  the  boshes,  with  a  daily  capacity  of  5  tons.  The  erection 
of  a  much  larger  furnace,  also  to  use  charcoal,  was  com- 
menced at  Ogden  City,  Utah,  in  1875,  by  the  Ogden  Iron 
Manufacturing  Company,  and  was  intended  to  use  hematite 
and  magnetic  ores  found  in  the  neighborhood.  The  furnace 
iiras  completed  and  put  in  blast  in  1882,  but  was  blown  out 
after  making  a  small  quantity  of  pig  iron,  and  has  been 
abandoned.  The  same  company  commenced  building  a  roll- 
ing mill  at  Ogden  City  in  1875,  which  was  not  completed 
xmtil  1882.  It  appears  to  have  never  been  put  in  operation. 
In  1884  the  machinery  was  removed  to  Pueblo,  Colorado, 
'where  it  was  added  to  the  plant  of  the  Colorado  Coal  and 
Iron  Company.  Utah  not  only  contains  extensive  deposits  of 
^ery  pure  iron  ore  in  Iron  county  and  elsewhere  but  it  also 
contains  plenty  of  coal  in  Iron  and  other  counties,  some  of 
'vrhich  is  said  to  make  good  foke. 
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CHAPTER   XXXIX. 


THE  IRON   INDUSTRY   OX   THE  PACIFIC   COAST. 


California  has  had  for  many  years  a  complete  rolling 
mill  at  San  Francisco,  owned  by  the  Pacific  Rolling  Mill 
Company,  It  was  first  put  in  operation  on  July  25, 1868.  It 
rolls  rails,  bar  iron,  angle  iron,  shafting,  etc.  An  open-hearth 
steel  plant  was  added  in  1884,  and  the  first  steel  on  the  Pacific 
coast  was  made  on  July  15, 1SS4.  These  works  were  in  oper- 
ation in  1891,  and  have  always  been  well  employed.  In  1881 
the  Central  Pacific  Railroad  Company  built  a  rolling  mill  at 
Sacramento  to  roll  bar  iron  and  shaped  iron.  In  1883  the 
Judson  Manufacturing  Company  completed  and  put  in  opera- 
tion a  rolling  mill  at  Oakland  for  the  manufacture  of  bar  and 
plate  iron ;  and  in  the  same  year  the  Pacific  Iron  and  Nail 
Company  completed  and  put  in  operation  at  the  same  place 
a  large  rolling  mill  and  nail  factory,  with  an  annual  capac- 
ity of  more  than  100,000  kegs  of  nails.  At  San  Francisco 
there  is  an  extensive  shipyard  for  building  iron  and  steel 
vessels,  known  as  the  Union  Iron  Works,  at  which  large  war 
ships  for  the  United  States  nayy  have  recently  been  built. 

The  first  vessel  of  iron  or  steel  built  on  tlie  Pacific  coast 
was  the  Arago,  a  screw  steamer  of  828  gross  tons.  She  was 
built  by  the  Union  Iron  Works,  of  San  Francisco,  for  the 
Newport  Coal  Company,  of  Coos  bay,  Oregon,  and  she  was 
launched  on  April  2,  1885.  This  vessel  was  built  entirely 
of  steel,  the  steel  shapes  being  rolled  by  the  Pacific  Rolling 
Mill  Company,  of  San  Francisco,  and  the  steel  plates  by  Car- 
negie, Phipps  &  Co.,  of  Pittsburgh.  Her  compound  engine 
13  of  450  nominal  horse-power.  She  has  been  steadily  en- 
gaged in  the  coal  trade  between  Coos  bay  and  San  Francisco. 

California  has  been  unfortunate  witli  her  only  blast  fur- 
nace. The  California  Iron  and  Steel  Company  conimencetl 
in  1880  the  erection  of  a  charcoal  furnace  at  Clipper  Gap, 
in  Placer  county,  where  iron  ore  had  been  discovered,  and 
the  furnace  was  put  in  blast  in  April,  1881,  and  the  first  cast 
was  made  on  the  24th  of  that  month.     It  was  burned  down 
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in  1882  and  rebuilt  in  1883  and  again  put  in  operation,  but 
it  has  been  out  of  blast  since  1886  and  may  be  regarded  as 
abandoned.  Its  fuel  was  charcoal.  Unless  good  coking  coal 
should  be  discovered  in  California  it  is  not  probable  that  this 
State  will  ever  make  much  pig  iron,  although  it  possesses 
many  deposits  of  good  iron  ore,  some  of  which  are  of  Bes- 
semer quality.  It  is  doubtful  whether  the  Mexican  iulmb- 
itants  of  California  ever  engaged  in  the  manufacture  of  iron 
even  in  the  most  primitive  mamier.  In  Lower  California, 
just  over  the  California  State  line,  extensive  deposits  of  rich 
iron  ore  and  anthracite  coal  have  recently  been  discovered. 

At  Oswego,  in  Clackamas  county,  Oregon,  nine  miles  from 
Portland,  a  furnace  to  use  charcoal  was  built  in  1866  and 
1867  by  the  Oswego  Iron  Company  and  blown  in  on  August 
27,  1867.  It  was  enlarged  in  1879  by  other  proprietors.  In 
1883  it  produced  7,000  net  tons  of  pig  iron.  It  was  operated 
irregularly  until  1886,  when  it  was  purchased  by  the  Oregon 
Iron  and  Steel  Company,  which  built  a  new  furnace  in  1888, 
abandoning  the  old  one  m  the  same  year.  The  charcoal  for 
both  furnaces  has  been  made  exclusively  from  the  fir  tree, 

A  furnace  at  Irondale,  near  Port  Townsend,  m  Jefferson 
county,  Washington,  was  built  in  1880  and  put  in  blast  on 
January  27,  1881.  It  was  rebuilt  in  1882  and  1883  and  re- 
modeled in  1884.  It  is  still  a  small  fui'nace.  It  was  built 
to  make  charcoal  pig  iron  from  Puget  sound  bog  ore  mixed 
with  Texada  Island  magnetic  ore.  It  is  owned  by  the  Puget 
Sound  Iron  Company,  of  San  Francisco.  It  has  not  recently 
been  in  blast.  In  1891  plans  were  in  progress  for  the  erec- 
tion of  a  furnace  at  Kirkland,  near  Seattle.  This  State  con- 
tains extensive  deposits  of  hard  coal,  some  of  which  makes 
good  coke,  and  as  iron  ores  are  to  be  found  within  its  own 
borders  and  near  at  hand  on  British  territory,  some  in  Wash- 
ington just  discovered,  it  is  expectetl  that  other  iron  enter- 
prises will  soon  follow  those  which  have  been  mentioned. 

The  States  and  Territories  which  have  not  been  referred 
to  in  these  pages  are  believed  to  have  never  been  engaged  in 
the  manufacture  of  iron,  although  iron  ore  has  been  found 
in  Louisiana  and  in  some  of  the  States  and  Territories  of 
the  Kocky  Mountain  region  which  have  not  been  mentioned. 


A  NOTICE  in  these  pages  of  the  first  iron  works  in  Cana- 
da will  be  read  with  interest,  especially  as  these  works  were 
recently  in  o|>eration.  They  are  known  as  the  foi^es  of  St. 
Maurice,  and  are  located  near  Three  Rivers,  in  the  province 
of  Quebec.  Mr.  A.  T.  Freed,  the  editor-in-chief  of  the  Ham- 
ilton (Ontario)  Spccfa/or,  informs  us  that  iron  ore  in  the 
vicinity  of  Three  Rivers  was  discovered  as  early  as  1667. 
In  1672  the  Count  de  Frontenac  reported  that  he  had  com- 
menced to  mine  the  ore  at  Three  Rivers.  He  strongly  urged 
the  establishment  of  forges  and  a  foundrj-.  In  1685  the 
Marquis  de  Denonville  sent  to  France  a  sample  of  the  ore 
at  Three  Rivers,  which  the  French  ironworkers  found  to  be 
"  of  good  quality  and  percentage."  But  no  effort  to  establish 
iron  works  at  this  place  appears  to  have  been  made  until  the 
next  century,  when  Hie  St.  Maurice  works  were  undertaken. 
Dr.  T.  Sterry  Hunt,  of  Montreal,  supplied  us  in  1880  with 
the  following  brief  history-  of  these  works. 

King  Louis  XV.  gave  a  roval  license  in  1730  to  a  (.■ompanv  to  work  tb* 
iron  ores  of  St  Manrice  and  the  vicinity,  and  Bdvanced  10,000  tivree  for  aid 
in  erecting  the  fiirnace,  etc.  Ko  work  being  done  he  took  back  the  license, 
and  in  1733  gran^  it  to  a  new  company,  which  received  100,000  livres  in 
aid  and  in  1737  built  a  blast  furnace.  Id  1743,  however,  the  works  tvvert- 
ed  to  the  crown,  and  were  worked  for  the  king's  jirofiL  He  then  sent  out 
from  France  skilled  workmen,  who  rebuilt,  in  part  at  least,  the  blatit  fiir- 
nai-e  as  it  now  stands,  and  erwted  a  Walloon  hearth,  n-hich  is  still  in  nee. 
for  refining.  The  works  became  the  property  of  the  British  Crown  »t  the 
conquest,  and  were  at  fii^t  rented  to  a  company  and  alterwarda  sold. 
Smelting  has  be«n  carried  on  at  this  plac«  without  intermptioii  to  th« 
prewnt  time,  the  bc^  ores  of  the  region  being  exclnaively  used.  Three 
tons  of  ore  make  one  ton  of  iron- 
There  seems  to  l>e  no  doubt  that  the  stack  is  the  one  built  in  1737,  and 
it  is  still  in  blast.  It  is  30  feet  high,  and  the  internal  diameter  at  the  hearth 
is  2i  feet,  at  the  boshes  7  feet,  and  at  the  throat  3)  fevt  There  aic  two 
tuyeres,  and  the  blast  is  cold,  with  a  prewnie  of  one  pound.  The  duly  pro- 
duction of  iron  is  four  tons,  and  the  consuniption  of  charcoal  is  ISO  bush- 
els. (French,)  of  about  12  pounds  each,  per  ton  of  imn.  The  tuetal  wae 
formerly  used  in  the  district  for  onlinary  castings,  hut  is  now  in  great  de- 
miind  for  car-wheels.    A  \eT\  little  is.  however,  refined  in  the  Walloon 
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beartb,  and  is  esteemed  by  Ibe  bUtkgtniths  for  local  use.  The  analyeie  of 
n  sample  of  the  gray  pig  of  St.  Maurioe  made  by  me  in  1868  (wve:  phos- 
pbonia,  .450 ;  Eili<^)n,  .800 ;  maiig&iie§e,  1,240 ;  graphite,  2.820 ;  carbon  com- 
bined, 1.100. 

In  addition  to  the  above  informatiou  we  find  some  facta 
of  interest  concerning  the  St.  Maurice  iron  works  in  Peter 
Kalm's  Travels  into  North  America,  written  in  17-19. 

Tbe  iron  work,  whirh  ip  the  only  one  in  this  country,  lies  tbree  miles 
to  the  west  of  Trois  Ilivierea.  Here  ara  two  p^at  forges,  besides  two  lesser 
ones  to  each  of  tbe  great  ones,  and  under  tbe  same  roof  with  tbem.  The 
bellows  were  made  of  wood,  and  everylbing  else  as  it  is  in  Swedish  forges. 
The  melting  ovens  stand  close  to  tiic  forges,  and  are  tbe  same  as  ours.  The 
ore  ia  got  two  French  milen  and  a  half  from  the  iron  works,  and  is  carried 
Ihitber  on  sledgee.  It  is  a  kind  of  moor  ore,  wbicb  lies  in  veins,  within  six 
inches  or  a  foot  from  the  surfeee  of  the  ground.  Eaeb  vein  is  from  six  to 
eighteen  inches  deep,  and  below  it  is  a  white  sand.  The  veins  are  surround- 
eii  with  this  sand  on  both  sides,  and  covered  at  the  top  with  a  thin  mould. 
Tbe  ore  is  prelty  rich  and  lies  in  loose  lumpn  in  the  veins,  of  the  siee  of  two 
fielfi,  though  there  are  a  few  which  are  eighteen  inches  thick.  These  lumps 
are  flill  of  holes,  which  ara  filled  with  ochre.  The  ore  is  so  solt  that  it  may 
be  crushed  betwixt  the  flogere.  They  make  use  of  a  grey  limestone,  which 
is  btuke  in  tlie  neighborhood,  for  promoting  the  fUsibility  of  the  ore  ;  to 
that  purjiose  they  likewise  employ  a  clay  marble,  which  is  found  near  this 
[ilace.  Charcoals  are  to  be  bad  in  great  abundance  here,  becntiBe  all  tbe 
(■onntry  round  this  place  is  covered  with  woods  which  have  never  been 
stirred.  The  charcoals  from  evergreen  trees,  that  is  from  tbe  Ar  kind,  are 
best  for  the  forge,  but  those  of  deciduous  trees  are  best  for  the  smelting 
oven.  The  iron  which  is  here  made  was  to  me  descriWl  as  soft,  pliable, 
and  loQgh,  and  is  said  to  have  the  quality  of  not  being  attacke<l  by  rust  so 
eanly  as  other  iron ;  and  in  this  |)oint  there  appears  a  great  difference  be- 
tween the  Spanish  iron  and  this  in  shipbuilding. 

This  iron  work  was  first  founded  in  1737,  by  private  persons,  who  after- 
wards ceded  it  to  the  king ;  they  cost  cannon  and  mortars  here,  of  different 
sizee,  iron  stoves,  wbicb  ore  in  use  all  over  Canaiia,  kettles,  etc.,  not  to  men- 
tion the  bars  which  are  made  here.  They  have  likewise  tried  to  make  steel 
here,  but  can  not  bring  it  to  any  great  perfection  because  they  are  unac- 
quainted with  ths  manner  of  preparing  it, 

Mr.  Freed  says  that  the  French  company  which  establisli- 
ed  the  St.  Maurice  iron  works  in  1737  was  known  as  Cvgnel  et 
Cie.  He  also  says  that  there  was  a  French  garrison  at  Three 
Rivers  at  the  time,  and  that  the  soldiers  were  the  principal 
workmen.  He  sends  us  a  copy  of  a  report  made  in  1752  to 
M.  Bigot,  Intfindant  of  New  France,  residing  at  Quebec,  by 
M.  Franquet,  who  had  been  instructed  to  visit  and  examine 
the  St.  Maurice  works.  From  this  report  the  following  liberal 
extract  is  taken. 


Od  entering  the  smelting  forge  I  was  receiTed  Tith  a  customaiy  cer- 
emony; the  workmen  mouldeii  a  pig  of  iron  about  15  fret  long  for  my  es- 
pecial benefit.  The  procew  i»  very  simple :  it  le  done  by  plunpng  a  large 
ladle  into  the  liquld-builing  ore  and  emptying  the  material  into  a  gutter 
made  in  the  sand.  After  this  ceremony  I  woe  ehown  the  prooet«  of  slove 
moulding,  which  ie  aleo  a  very  riinple  bnt  rather  intricate  operation.  Each 
stove  is  in  sis  pieces,  which  are  separately  moulded ;  they  arc  fitted  into 
eacli  other  and  fbim  ii  stove  alxiut  three  feet  high.  I  then  visited  a  shed 
where  the  workmen  were  moulding  [lote,  kettles,  and  other  hollow-wate. 
On  leaving  thia  part  of  the  forge  we  were  taken  to  the  hammer  forg«,  where 
bar  iron  of  every  kind  is  hammered  oul.  In  each  department  of  the  foiges 
the  workmen  observed  the  old  ceremony  of  brushing  a  stranger's  boot«. 
and  in  retnm  they  expei't  Bome  money  to  buy  liquor  to  drink  the  viaitor's 
health.  The  estabtiahment  is  very  extenuve,  employing  upward  of  180 
men.  Nothing  ie  consumed  in  the  tiirnacee  but  charcoal,  which  is  made  in 
the  immediate  vicinity  of  the  )>oat.  The  ore  is  rich,  good,  and  tolerably 
clean.  Formerly  it  was  found  on  the  apnt :  now  the  director  has  to  send 
some  little  distance  for  it.  Thia  iron  is  preferred  to  the  Sptuiish  iron,  and 
is  sold  off  in  the  king's  gtarra  in  Quebec. 

In  1760  Canada  passed  into  the  possession  of  the  Briti^ 
Government,  and  with  it  the  St.  Maurice  forges.  For  nearly 
a  hundred  years  the  Crown  leased  these  works  to  various 
companies,  by  which  they  were  operated  with  more  or  leas 
success. 

In  1815  the  St.  Maurice  works  were  still  in  active  oper- 
ation, as  we  learn  from  Joseph  Bouchette's  Loiaer  Canada. 
They  are  thus  described :  "  The  establisliment  is  furnished 
with  every  convenience  necessary  to  an  extensive  concern; 
the  furnaces,  the  forges,  the  founderies,  worksliops,  etc.,  with 
houses  and  other  buildings,  present  the  api>earance  of  a  tol- 
erably sized  \-illage.  The  principal  articles  manufactured  are 
stoves  of  all  kinds  used  in  the  province,  large  potash  kettles, 
machines  for  mills,  and  various  kinds  of  cast  and  wrought 
iron ;  also  a  great  quantity  of  pig  and  bar  iron  for  exporta- 
tion.    The  number  of  men  employed  is  from  250  to  300." 

The  St.  Maurice  works  remained  in  the  ownership  of  the 
British  Government  until  1846,  when  they  were  sold  to 
Henry  Stuart,  A  report  to  the  Dominion  Parliament  in  1879 
says  that  they  were  then  owned  by  F.  McDougall  &  Son,  of 
Three  Rivers,  and  were  using  bog  ore  and  making  good  iron 
n-ith  charcoal.  "The  first! furnace  was  erected  in  1737 
running ;  capacity  four  tons." 

In  a  valuable  paper  on  the  manufacture  of  iron  in  Can- 
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ada,  read  at  the  Halifax  meeting  of  tlie  American  Institute 
of  Mining  Engineers  in  September,  1885,  Mr.  James  Herbert 
Bartlett,  of  Montreal,  recorded  in  the  folloH-iug  words  the  end 
of  the  long  career  of  the  blast  furnace  of  1737  which  was 
connected  with  the  St.  Maurice  forges :  "  Tlie  property  is  now 
owned  by  George  McDougall,  of  Three  Rivers,  the  furnace 
having  been  in  blast  until  the  summer  of  1883,  when,  owing 
to  the  ore  and  fuel  becoming  exhaustetl,  it  was  finally  closed," 

At  the  time  of  its  abandonment  in  1883  the  St.  Maurice 
furnace  was  the  oldest  adive  famace  an  Ike  American  continent. 
In  that  year  there  were  still  standing  two  very  old  furnaces 
in  the  United  States — Oxford,  in  New  Jersey,  and  Cornwall, 
in  Pennsylvania,  both  built  in  1742,  but  neither  of  these  fur- 
naces was  in  blast  in  1883.  They  were  last  in  blast  in  1882. 
Since  that  year  Oxford  furnace  has  been  abandoned,  but 
Cornwall  is  still  standing  and  in  good  repair. 

Canada  has  had  a  few  other  iron  enterprises  and  a  few  steel 
works,  but  it  has  never  been  prominent  as  a  manufacturer 
of  either  iron  or  steel.  Of  late,  however,  much  interest  has 
been  taken  by  Canadians  in  the  development  of  the  iron  and 
steel  resources  of  the  Dominion,  and  in  this  movement  the 
people  of  the  United  States  will  heartily  sympathize. 


It  would  not  be  profitable  to  give  such  fragmentary  in- 
formation as  is  at  our  command  concerning  the  very  small 
iron  industry  of  Mexico  and  Central  and  South  America. 
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.  CHAPTER  XLI. 

THE    MANUFACTURE    OF    IRON    WITH    ANTHRACITE 

COAL  IN  THE  UNITED  STATES. 

The  details  which  have  been  given  in  preceding  chapters 
of  the  early  iron  history  of  every  part  of  the  United  States 
relate  almost  entirely  to  the  manufacture  of  iron  with  char- 
coal as  fuel,  no  other  fuel  having  been  used  in  American 
blast  furnaces  until  about  1840,  and  but  little  use  of  any 
other  fuel  having  been  made  before  that  time  in  any  other 
bmnches  of  the  American  iron  industry.  The  period  of  our 
iron  history  prior  to  1840  may  therefore  very  properly  be 
styled  the  charcoal  era.  The  later  development  of  the  iron 
and  steel  industries  of  the  United  States  will  be  generally 
instead  of  provincially  or  geographically  treated  in  the  pres- 
ent chapter  and  in  succeeding  chapters. 

The  line  whidi  separates  the  charcoal  era  of  our  iron  his- 
torv  from  tlie  era  which  succeeded  it,  and  which  mav  be  said 
to  still  continue,  is  marked  bv  the  almost  simultaneous  intro- 
duct  ion  of  anthracite  and  bituminous  coal  in  the  manufact- 
ure of  pig  iron.  This  innovation  at  once  caused  a  revolution 
in  tlie  whole  irvni  industrv  of  the  countrv.  Facilities  for  the 
manufaoturo  of  iron  wore  increase^l;  districts  which  had  been 
jviirtly  olosovl  to  tliis  industrv  beaiuse  of  a  scarcity  of  timber 
for  the  supply  of  charcoal  were  now  fully  opened  to  it :  and 
the  ohoajvuing  of  prices,  which  was  made  possible  by  the 
inorwii^xl  pnxUiction  and  the  inoreasevl  comj^etition.  served  to 
siimulato  consumption.  A  notable  r\^i;ii  of  ihe  ininxiucdon 
of  minora!  fuel  w{\s  that,  while  i;  rx^irioted  the  pn>iuotiou 
of  oharvwU  pig  irv^n  in  ilie  States  which,  like  Pennsylvania. 
lH>ssosso\l  the  new  fuel,  it  did  no:  injuriously  affec:  :he  pr» 
duotion  of  oharvoal  pig  irvni  in  oilier  S:a:es,  So::iir  of  rfies^ 
Sia:es,  r.v^:aMv  Miohican,  which  scarvvlv  iv«S55es5»e«i  aii  irv^n  iii- 
au<:ry  of  ,v*;y  kiuvi  in  1540.  now  mai:ufaor*ir>e  large  cr^ir.iitfrs 
v>:  c:.,^rv\\r.  i>ic  irv^n.  The  oou:::rv  a:  larc^  now  ^k^LHiiAllit 
r,;r*kos  :v.ort>  oharvxvil  pis:  irv^n  il.aii  i:  iii  in  154M  or  in  azt 
:^rx\\\M:;g  year,    l>.ir  prwiuciion  of  cL^rorial  pig  iiv-r  in  I5S»» 


i 


mON   IN   ALL  AGES. 


353 


was  the  largest  in  our  history.  The  introduction  of  mineral 
fuel  did  not,  therefore,  destroy  our  charcoal-iron  industry, 
but  simply  added  to  our  resources  for  the  production  of  iron. 
This  introduction,  however,  marked  such  radical  changes  in 
our  iron  industry,  and  so  enlarged  the  theatre  of  this  indus- 
try, that  we  are  amply  justified  in  referring  to  it  as  a  revolu- 
tion, and  as  one  which  ended  the  distinctive  charcoal  era. 

Of  the  two  forms  of  mineral  fuel,  anthracite  and  bitumi- 
nous coal,  anthracite  was  the  first  to  be  largely  used  in  Ameri- 
can blast  furnaces,  and  for  many  3'ears  after  its  adaptability 
to  the  smelting  of  iron  ore  was  established  it  was  in  greater 
demand  for  this  purpose  than  bituminous  coal,  coked  or  un- 
coked.  In  recent  years  the  relative  popularity  of  these  two 
fuAs  for  blast-furnace  use  has  been  exactly  reversed. 

The  natural  difficulties  in  the  way  of  tlie  successful  intro- 
duction of  anthracite  coal  in  our  blast  furnaces  were  increas- 
ed by  the  fact  that,  up  to  the  time  when  we  commenced  our 
experiments  in  its  use,  no  other  country  liad  succeeded  in 
using  it  as  a  furnace  fuel.  We  had,  therefore,  no  other  guide 
in  its  use  than  our  own  unaided  intelligence.  The  successive 
steps  by  which  we  were  enabled  to  add  the  manufacture  of 
anthracite  pig  iron  to  that  of  charcoal  pig  iron  will  be  pre- 
sented in  chronological  order. 

In  the  suit  of  Farr  &  Kunzi  against  the  Schuylkill  Nav- 
igation Company  in  1840  Jesse  B.  Quinby  testified  that  in 
1815  he  used  anthracite  coal  for  a  short  time  at  Harford 
furnace,  in  Maryland,  mixed  with  one-half  charcoal.  Between 
1824  and  1828  Peter  Ritner,  whose  brother,  Joseph  Ritner, 
was  afterwards  Governor  of  Pennsylvania,  was  successful  for 
a  short  time  in  using  anthracite  coal  mixed  with  charcoal  in 
a  charcoal  furnace  in  Perry  coimty,  Pennsylvania.  In  1826 
the  Lehigh  Coal  and  Navigation  Company  erected  at  Mauch 
Chunk,  in  Pennsylvania,  a  small  furnace  intended  to  use  an- 
thracite coal  in  smelting  iron  ore.  The  enterprise  was  not 
successful.  In  1827  unsuccessful  experiments  in  smelting 
iron  ore  with  anthracite  coal  from  Rhode  Island  were  made 
at  one  of  the  small  blast  furnaces  at  Kingston,  in  Plymouth 
county,  Massachusetts.  In  1827  and  1828  a  similar  failure 
in  the  use  of  anthracite  coal  took  place  at  Vizille,  in  France. 
These  experiments  failed  because  the  blast  uset!  was  cold. 
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In  182S  James  B.  Neilson,  of  Scotland,  obtaioed  a,  patent 
for  the  use  of  hot  air  in  tlie  smelting  of  iron  ore  in  blast 
furnaces,  and  in  1829  pig  iron  was  made  in  several  Scotch 
furnaces  with  the  apparatus  which  he  had  invented.  But  tlie 
coal  used  was  bituminous.  It  was  not  until  1837  that  the 
smelting  of  iron  ore  with  anthracite  coal  by  me-ans  of  tlie 
hot-blast  invented  by  Neilson  was  undertaken  in  Great  Brit- 
ain. In  the  meantime  the  application  of  the  hot-blast  to 
anthracite  coal  in  American  furnaces  was  successfully  eiperi- 
ment«d  with  by  an  enterprising  American  citizen,  the  Rev. 
Dr.  Frederick  W.  Geissenhainer,  a  Lutheran  clergynian  of 
New  Vork  city.  A  copy  in  his  own  handwriting  of  ^  letter 
written  by  him  in  November,  1837,  to  the  Commissioner  of 
Patents  gives  some  interesting  and  valuable  details  concft"n- 
ing  his  experiments.  In  this  letter,  which  we  have  lying 
before  us,  he  says:  "  I  can  prove  that,  in  the  month  of  De- 
cember, 1830,  and  in  the  months  of  January,  February,  and 
March,  1831,  I  had  already  invented  and  made  Inauy  suc- 
cessful experiments,  as  well  with  hot  air  as  with  an  atmos- 
pheric air  blast,  to  smelt  iron  ore  with  onlhradle  conl  in  ray 
small  experimenting  furnace  here  in  tlie  city  of  New  York." 

On  the  5th  of  September,  1831,  Dr.  Geissenhainer  filed  in 
the  Patent  Office  at  Washington  an  account  of  his  invention, 
for  which  he  claimed  a  patent.  On  the  19th  of  December, 
1833,  a  patent  was  granted  to  him  for  "  a  new  and  useful  im- 
provement in  the  manufacture  of  iron  and  steel  by  the  ap- 
plication of  anthracite  coal."  From  tlie  long  and  remarkably 
clear  and  learned  specification  by  the  Doctor,  which  accom- 
panied the  patent,  we  learn  that  he  discovered  that  iron  ore 
could  be  smelted  witli  anthracite  coal  by  applying  "  a  blast, 
or  a  column,  or  a  stream,  or  current  of  air  in  or  of  such 
quantity,  velocity,  and  density  or  compression  as  the  com- 
pactness or  density  and  the  continuity  of  the  anthracite  coal 
requires.  The  blast  may  be  of  common  atmospheric  or  of 
heaied  cUr.  HecUfd  air  I  shoiJd  prefer  in  an  economical  point 
of  view." 

The  Doctor  distinctly  disclaims  in  his  specification  "  an 
exclusive  right  of  the  use  of  heateil  air  for  any  kind  of  fuel." 
from  which  it  is  to  be  inferred  that  he  had  full  knowledge  of 
Neilson'a  experiments  with  hot  air  in  Scotland,     lie  specif- 


mOS    IN    ALL   AGES. 


355 


ically  claimed  as  his  invention  the  adaptability  of  anthracite 
coat  to  the  manufacture  of  iron  and  steel,  and  he  appears 
to  have  largely  relied  for  success  upon  the  effect  of  a  stroi^ 
blast. 

The  patent  having  been  granted,  Dr.  Geissenhainer  pro- 
ceeded to  build  a  furnace  for  the  practical  application  of  his 
invention.  This  was  Vallej'  furnace,  located  on  Silver  creek, 
in  Schuylkill  county,  Pennsylvania,  about  ten  miles  northeast 
of  Pottsville.  In  August  and  September,  1836,  he  was  suc- 
cessful in  making  pig  iron  at  this  furnace  exclusively  with 
antbmcite  coal  as  fuel.  His  own  testimony  on  this  point  is 
given  in  the  letter  from  which  we  have  already  quoted.  The 
blast  used  varied  from  3^  to  3i,  to  3,  and  to  25  pounds  to  the 
square  inch.  That  the  furnace  did  not  continue  to  make 
iron  after  the  autumn  of  1S36  is  explained  by  Dj.  Geissen- 
hainer to  have  been  due  to  an  accident  to  its  machinery.  He 
adds:  "  My  furnace  would  have  been  put  in  operation  again 
long  before  this  time  with  strong  iron  machinery,  and  a  hot- 
air  apparatus,  had  I  not  been  prevented  by  the  pressure  of  the 
times  and  by  a  protracted  severe  sickness  from  bestowing  my 
attention  to  this  matter.  The  drawings  for  the  iron  machin- 
ery and  for  the  hot-air  apparatus  are  already  in  the  hands 
of  Messrs.  Haywood  &  Snyder,  in  Pottsville,  who  are  to  do 
the  work."    The  blast  used  at  Valley  furnace  was  heaied. 

The  quantity  of  pig  iron  made  at  Valley  furnace  is  not 
stated  by  the  Doctor.  It  probably  did  not  exceed  a  few  tons. 
Governor  Ritner  visited  the  furnace  on  July  30,  1836,  while 
the  Doctor's  experiments  were  in  progress.  In  the  Pottsville 
Miners'  Journal  for  August  6,  1836,  it  is  stated  that  speci- 
mens of  Dr.  Geissenhaiuer's  pig  iron  were  then  on  exhibi- 
tion at  Pennsylvania  Hall  in  Pottsville. 

Before  the  Doctor's  plans  for  improving  his  furnace  were 
completed  he  was  called  to  another  world.  He  died  at  New 
York  on  the  27tli  of  May,  1838,  aged  66  years  and  11  months. 
He  was'  born  at  Muhlberg,  in  the  Electorate  of  Saxony,  in 
1771,  and  came  to  this  countrj-  when  he  was  about  18  years 
old.  His  remains  rest  in  the  family  burial  vault  in  the  Lu- 
theran cemetery,  in  Queens  county,  New  York. 

Prior  to  the  erection  of  Valley  furnace  Dr.  Geissenhainer 
had  been  engaged  in  the  development  of  the  iron  and  coal 
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resources  of  Feimsylvania.  As  early  as  1811  he  n-as  associ- 
ated with  Peter  Karthaus,  of  Baltimore,  in  the  mining  of  bi- 
tuminous coal  in  Clearfield  county,  and  a  few  years  lattr  in 
the  ownership  of  a  charcoal  furnace  in  that  county.  For  two 
or  three  years  prior  to  1S30  he  owned  and  operatai  a  small 
charcoal  furnace  in  Schuylkill  county,  and  it  was  near  this 
furnace  that  he  afterwards  hiiilt  Valley  furnace.  Attached 
to  the  charcoal  furnace  was  a  puddling  furnace.  He  was  the 
pioneer  in  the  development  of  the  Silver  creek  anthracite 
coal  mines,  the  projector  of  the  Schuylkill  Valley  Raih^tad, 
and  the  sole  owner  of  the  Silver  Creek  Railroad.  Dr.  Geis- 
senhainer  was,  as  has  been  seen,  a  man  of  great  enterprise. 
His  memory  as  tlie  first  manufacturer  of  pig  iron  with  an- 
thracite coal  and  the  liot-blast,  even  if  only  in  a  small  way. 
is  entitled  to  greater  honor  than  it  lias  yet  received. 

On  the  28tli  of  September,  183tJ,  when  Dr.  Geissenhainer'a 
Valley  furnace  was  successfully  making  pig  iron,  and  almost 
three  years  after  the  Doctor  had  obtained  a  patent  for  bis  in- 
vention, George  Crane,  the  owner  of  several  furnaces  at  Ynis- 
cedwin,  in  South  Wales,  obtained  a  patent  from  the  British 
Government  for  the  application  of  the  hot-blast  to  the  smelt- 
ing of  iron  ore  with  anthracite  coal.  On  the  7th  of  February, 
1837,  he  successfully  commenced  tlie  use  of  anthracite  with 
the  hot-blast  at  one  of  his  furnaces,  obtaining  36  tons  a  week, 
In  May  of  that  year  Solomon  W.  Roberts,  of  Philadelphia, 
visited  his  works  and  witnessed  the  complete  success  of  the 
experiment,  which  was  the  first  successful  experiment  with 
anthracite  coal  in  a  blast  furnace  in  Europe.  It  was  through 
Mr.  Roberta's  representations  to  his  uncle,  Josiah  White,  and 
to  Erskine  Hazard  and  others  that  the  first  successful  an- 
thracite furnace  in  the  Lehigh  valley  was  built  at  Catasau- 
qua  in  1839  and  1840  by  the  Lehigh  Crane  Iron  Company. 

Solomon  White  Roberts  was  bom  in  Philadelphia  on  Au- 
gust 3,  1811,  and  died  in  the  same  city  on  March  22,  1882. 
He  is  buried  in  Woodlands  cemetery,  in  West  Philadelphia, 

Mr,  Crane  endeavored  to  obtain  a  patent  in  this  country 
for  his  application  of  the  hot^blast  to  aiitliracite  coal  iu  the 
blast  furnace,  hut  Was  unsuccessful,  Dr.  Geissenhainer's  patent 
covering  the  same  principle.  The  Doctor's  patent,  which  was 
only  for  the  United  States,  was  sold  by  his  executors  in  1838 


IRON   IN   ALL    AGES. 


357 


to  Mr.  Crane,  who  in  November  of  that  year  pateuled  in  this 
country  some  additions  to  it.  The  patents  were  not  generally 
enforced  liere,  but  Mr.  Crane  compelled  Welsh  ironmasters 
to  pay  him  for  the  use  of  )iis  invention.  Dr.  Geissenhainer 
never  attempted  to  enforce  his  patent.  The  consideration 
which  his  executors  received  from  Mr.  Crane  was  $1,000 
and  the  privilege  of  erecting,  free  of  royally,  fifteen  furnaces 
for  the  use  of  antliracite  coal  with  the  hot^blast.  The  follow- 
ing advertisement  by  Mr.  Crane's  agents  in  this  countrj-  we 
take  from  a  Philadelphia  newspaper  published  in  December, 
1839,  over  fifty  years  ago. 

AsTiiRACTTB  Inos. — The  BubsrriberB,  agenls  of  Ueorge  Crane,  Esq.,  are 
prepared  to  grant  Ucensea  fnr  the  manufiu'ture  of  iron  witl\  anthrocito  coal, 
under  the  patent  granted  to  Mr.  Crane  by  the  ITnitci  Slates,  for  Bmeltiiig 
iron  with  the  iibo%'e  fuel,  in  addition  to  which  Mr.  Crane  hotdti  an  tamga- 
ment  of  bo  much  of  the  patent  granted  to  the  late  Reverend  Dr.  GeiBsen- 
hainer  as  ]>ertuins  to  making  iron  with  anthnirile  coal.  The  charge  will  be 
25  cents  per  ton  on  all  thun  manufactured.  It  has  been  eom]>letel.v  HiccesB- 
ful  both  in  Wales  and  at  Pottarille,  one  fiimace  at  the  latter  place  yielding 
an  average  product  of  40  tons  per  week  of  excellent  iron.  .\11  persons  are 
I'autioned  against  infringing  upon  either  of  the  above  patents.  Any  appli- 
cation of  hot-blast  in  the  ttmelting  of  iron  ore  with  anthracite  coal,  without 
a  license,  will  be  an  infringement,  and  will  be  treated  accordingly. 
Apply  to  A.  (i.  Ralstos  &  Co., 

dec  9— Im  4  South  Front  M. 

We  shall  refer  hereafter  to  the  furnace  at  Pottsville  which 
had  made  "40  tons  per  week"  with  anthracite  coal. 

George  Crane  was  bom  about  1784  at  Eromsgrove,  in  Wor- 
cestershire, England,  whence  he  removed  in  1824  to  Wales. 
He  died  on  the  10th  of  January,  1846,  in  the  62d  year  of  his 
age.  An  obituary  notice  of  Mr.  Crane,  written  by  Solomon 
W.  Roberts,  is  printed  in  the  Journal  of  fhe  Franklin  InsfUuie 
for  March,  1846. 

Two  interesting  experiments  in  the  use  of  anthracite  coal 
in  the  blast  furnace  were  made  in  this  country  about  the 
time  when  Dr.  Geissenhainer  succeeded  with  his  experiment 
at  Valley  furnace.  In  1836  and  1837  John  Pott  experimented 
at  Manheim  furnace,  at  Cressona,  in  Schuylkill  county,  with 
anthracite  coal  as  a  fuel  for  smelting  iron  ore.  He  first  used 
a  mixture  of  anthracite  coal  and  charcoal  with  cold-blast. 
The  results  accomplished  were  so  encouraging  that  he  added 
a  hot-blast  and  gradually  reduced  the  proportion  of  charcoal 
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until  only  anthracite  was  used.  This  he  used  alone  and  sue- 
eessfullv  for  a  short  tima  But  the  blast  was  too  weak,  and 
the  furnace  was  not  long  in  operation.  Before  the  necessan* 
improvements  could  be  made  it  was  destroyed  by  a  freshet. 
In  1837  Jarvis  Van  Buren,  acting  for  a  company,  built  a  fur- 
nace at  South  Easton,  in  Northampton  county,  for  the  pur- 
pose of  experimenting  with  anthracite  coal.  Early  in  1838 
he  was  successful  in  making  20  tons  of  pig  iron,  when  further 
operations  were  stopped  because  the  blast  was  too  weak.  We 
are  not  informed  whether  it  was  hot  or  cold. 

It  is  claimed  that  a  successful  experiment  in  the  manu- 
facture of  pig  iron  with  anthracite  coal  was  made  in  1837  by 
a  Mr.  Bryant  in  a  foundry  cupola  at  Manayunk,  near  Phila- 
delphia. The  blast  used  was  produced  by  "  wooden  bellows." 
A  few  tons  of  the  iron  made  were  used  by  Parke  &  Tiers, 
the  owners  of  the  foundry,  "  and  proved  to  be  of  good  gray 
quality  and  of  uncommon  strength."  The  experiment  was 
conducted  tmder  the  auspices  of  this  firm  and  of  Mr.  Abra- 
ham Kunzi,  of  the  firm  of  Farr  &  Kimzi,  manufacturing 
chemists,  of  Philadelphia.    The  blast  was  cold. 

The  record  which  we  shall  now  give  of  the  successful  use 
of  anthracite  coal  in  American  furnaces,  after  Dr.  Geissen- 
hainor  and  George  Crane  had  established  the  practicability 
of  such  use.  will  embrace  only  a  few  of  the  early  anthracite 
furnaoos,  luul  thiii  we  condense  from  Walter  R.  Johnson's 
AWc'.N'  on  the  I'iT  of  AHihniciie,  published  in  1841,  and  from 
William  Firmstono's  "Sketch  of  Early  Anthracite  Furnaces," 
publisluHl  in  the  thirvl  volume  of  the  Transadions  of  the  Amer- 
iiwn  Institntt'  of  Minintf  Enirineerit.  In  each  of  the  instances  to 
bo  rt  forrvnl  to»  all  in  Pennsylvania,  the  blast  used  was  heated. 

Lato  in  1S;>7  Jo:>eph  Riughman.  Julius  Guiteau,  and  Hen- 
ry High,  of  Reading,  oxjH?rimented  in  smelting  iron  ore  with 
anthracite  <.\>i\l  in  the  old  funiact^  of  the  Lehigh  Coal  and 
Navigiition  Compimy  at  Mauch  Chunk,  using  about  80  per 
cent,  of  anthnwite.  The  results  were  so  encouraging  that 
they  built  a  small  water-jK>wer  furnace  near  the  weigh-lock 
ai  Mauoh  Chunk,  which  was  completed  in  July,  1838.  Blast 
was  applioil  to  this  furnace  on  August  27th  and  discontinued 
on  September  10th,  the  temperature  being  heated  to  about 
200^  Fahrenheit.    The  fuel  useil  was  mainly  but  not  entirely 
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anthracite.  A  new  heating  apparatus  was  procured,  placed  in 
a  brick  chamber  at  the  tunnel-head,  and  heated  by  the  flame 
therefrom.  Blast  wag  applied  in  November,  1838,  the  fuel 
used  being  anthracite  exclusively,  and  "the  furnace  worked 
remarkably  well  for  five  weeks  "  to  January  12,  1839,  when 
it  was  blown  out  for  want  of  ore.  Some  improvementa  were 
made,  and  on  July  26,  1839,  the  furnace  was  again  put  in 
blast,  and  so  continued  until  November  2,  1839.  Francis  C. 
Lowthorp,  of  Trenton,  was  one  of  the  partners  at  this  time. 
For  "about  three  months"  no  other  fuel  than  anthracite  wa3 
used,  tije  temperature  of  the  blast  being  from  400°  to  600°. 
About  100  tons  of  iron  were  made.  Mr.  Lowthorp  died  at 
Trenton  on  June  1, 1890,  aged  81  years. 

The  next  furnace  to  use  anthracite  was  the  Pioneer,  built 
in  1838  and  1839  at  Pottsville  by  William  Lyman,  of  Boston, 
under  the  auspices  of  Burd  Patterson,  an  enterprising  citizen 
of  Pottsville,  who  inaugurated  the  enterprise.  Until  1844 
Pioneer  furnace  was  called  Pottsville.  Blast  was  unsuccess- 
fully applied  on  July  10,  1839.  Benjamin  Perry  then  took 
charge  of  the  furnace,  and  blew  it  in  on  October  19,  1839, 
with  perfect  success.  This  furnace  was  blown  by  steam-pow- 
er. The  blast  was  heated  with  anthracite,  in  ovens  at  the 
base  of  the  furnace,  to  a  temperature  of  600°.  The  product 
was  about  28  tons  a  week  of  good  foundry  iron.  This  fur- 
nace continued  in  blast  for  some  time.  A  large  premium 
was  paid  by  Nicholas  Biddle  and  others  to  Mr.  Lyman  as  the 
first  person  in  the  United  States  wlio  had  made  anthracite 
pig  iron  continuously  for  three  months.  On  January  18th, 
1840,  a  dinner  was  given  to  Mr.  Lyman  at  Pottsville  in  hon- 
or of  the  important  event,  at  which  a  notable  addre^  was 
delivered  by  Mr.  Biddle.  Pioneer  furnace  was  practically 
rebuilt  in  1853,  torn  down  in  1866,  and  again  rebuilt.  In 
April,  1888,  the  hot-blast  fell  down,  and  the  furnace  was  torn 
down  in  1889  and  a  new  funiaco  built  in  its  stead.  Other 
furnaces  and  a  large  rolling  mill  and  steel  works,  owned  by 
the  Pottsville  Iron  and  Steel  Company,  have  been  added  to 
the  original  furnace  and  its  successors. 

We  have  before  us  the  original  agreement  between  Rob- 
ert Ralston,  attorney  in  fact  for  George  Crane,  and  William 
Lyman,  which  conveyed  to  the  latter  a  license  to  use  Crane 
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and  Geisaenhainer's  patents  for  the  use  of  anthracite  coal  in 
the  manufacture  of  pig  iron.  It  is  dat«d  at  Philadelphia, 
on  December  4, 1839,  and  the  consideration  named  is  twenty- 
five  cents  per  ton  of  pig  iron  made. 

Danville  furnace,  in  Montour  county,  was  successfully 
blown  in  with  anthracite  in  April,  1840,  producing  35  tons 
of  pig  iron  weekly  with  steam-power.  Roaring  Creek  furnace, 
in  Montour  county,  was  next  blown  in  with  anthracite  on 
May  18,  1840,  and  produced  40  tons  of  pig  iron  weekly  with 
water-power. 

A  charcoal  furnace  at   PhcenixviUe,  built  in  1837   by 
Reeves,  Buck  &  Co.,  was  blown  in  with  anthracite  on  June 
'     17, 1840,  by  WilUam  Firmstone,  and  produced  from  28  to  30 
tons  of   pig   iron   weekly   with   water-power.     The  hot-blast 
stove,  which  was  planned  and  erected  by  Julius  Guiteau,  of 
the  Mauch  Chunk  furnace,  was  situated  on  one  side  of  the 
^^H      tunnel-head  and  heated  by  the  flame  of  the  furnace.     This 
^^^^H     furnace  continued  in  blast  imtil  1841. 

^^^^H  Columbia  furnace,  at  Danville,  was  blown  in  with  antHra^ 

^^^H     cite  by  Mr.  Peny  on  July  2.  1840,  and  made  from  30  to  32 
^^^^^H     tons  of  pig  iron  weekly,  using  steam-power. 
^^^^^B  The  next  furnace  to  use  anthracite,  and  the  last  one  we 

^^^^^1  shall  mention,  was  built  ai  Catasauqua,  for  the  Lehigh  Crane 
^^^^^H  Iron  Company,  in  1839,  by  David  Thomas,  who  had  been 
^^^^^f  associated  with  Mr.  Crane  in  his  experiments  at  Yniscedwin, 
^  and  had  there  been  successful  in  making  anthracite  pig  iron. 

H  This  furnace  was  blown  in  by  Mr.  Thomas  on  July  3, 1840, 

H  and  its  hrst  cast  was  made  on  July  4th.    From  the  first  this 

■  furnace  produced  50  tons  a  week  of  good  foundry  iron,  wa- 
H  ter-power  from  the  Lehigh  being  used.  The  furnace  was  in 
H  active  use  until  1879,  when  it  was  torn  down.  Mr.  Firmstone 
I  says  that  "with  the  erection  of  this  furnace  commenced  the 
I  era  of  higher  and  larger  furnaces  and  better  blast  machinery, 
H  with  consequent  improvements  in  yield  and  quality  of  iron 
I  produced."  Four  other  furnaces  built  by  Mr.  Thomas  for  the 
I  same  company  at  Catasauqua  soon  followed  tlie  hrst  furnace, 
W                one  built  in  1842,  anotlier  in  1846,  and  two  in  1850.    In  all 

■  Mr.  Thomas  built  five  fiu-naces  for  the  Lehigh  Crane  Iron 
B                 Company.   The  prefix  "  Lehigh "  was  dropped  in  1872. 
^^^^^H  I  memoir  of  Josiah  White,  by  his  son-in-law.  Rich 
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arcl  Richardson,  we  find  the  followmg  statement:  "In  1838 
Erskiiie  Hazard  went  to  Wales,  and  there  made  himself  ac- 
quainted with  the  process  and  manner  of  making  the  anthra- 
cite iron,  with  the  machinery  and  buildings  needful  for  its 
manufacture.  He  ordered  such  machinery  as  was  necessary 
to  be  made  for  the  company,  under  the  direction  of  George 
Crane,  tlie  inventor,  and  engaged  David  Thomas,  who  was  fa- 
miliar with  the  process,  to  take  charge  of  the  erection  of  the 
works  and  the  manufacture  of.  the  iron.  He  arrived  in  the 
summer  of  1839,  and  to  his  faithful  and  intelligent  manage- 
ment much  of  the  success  of  the  enterprise  is  due."  We  do 
not  hesitate  to  say  that  to  Mr.  Thomas's  management  was 
due  tlie  whole  of  the  success  of  the  anthracite  furnaces  built 
by  tlie  Lehigh  Crane  Iron  Company. 

David  Thomas  was  born  on  November  3, 1794,  at  a  place 
called,  in  English,  Grey  House,  within  two  and  a  half  miles 
of  the  town  of  Neath,  in  the  county  of  Glamorgan,  South 
Wales.  He  landed  in  the  United  States  on  June  5, 1839,  and 
on  July  9th  of  that  year  he  commenced  to  build  the  furnace 
at  Catasauqua.  He  died  at  Catasauqua  on  June  20,  1882,  in 
his  88th  year.  At  the  time  of  his  death  he  was  the  oldest 
ironmaster  in  the  United  States  in  length  of  service,  and  he 
was  next  to  Peter  Cooper  the  oldest  in  years.  David  Thom- 
as's character  and  services  to  the  American  iron  trade  are 
held  in  high  honor  by  all  American  iron  and  steel  manufact- 
urers. He  is  affectionately  styled  the  Father  of  the  Ameri- 
can anthracite  iron  industry,  because  the  furnace  built  under 
his  directions  at  Catasauqua  and  blown  in  by  him  was  the 
first  of  all  the  early  anthracite  furnaces  that  was  complete- 
ly successful,  both  from  an  engineering  and  a  commercial 
standpoint,  and  also  because  he  subsequently  became  identi- 
fied with  the  manufacture  of  anthracite  pig  iron  on  a  more 
extensive  scale  than  any  of  his  cotemporaries.  He  was  the 
founder  of  the  Thomas  Iron  Company,  at  Hokendauqua, 
which  has  long  been  at  the  head  of  the  producers  of  anthra- 
cite pig  iron.  The  first  two  furnaces  of  this  company  were 
built  by  Mr.  Thomas  in  1855.  An  obituary  notice  of  Mr. 
Thomas  will  bo  found  in  The  Bulletin  of  The  American  Iron 
ami  Sled  Aseociatiim  for  June  28,  1882.  William  Cullen  Bry- 
ant and  David  Thomas  were  born  on  the  same  day. 
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Mr.  Thomas's  three  sons,  John,  Samuel,  and  David,  all  be- 
came identified  with  their  father's  occupation  and  enterprises. 
John  and  Samuel  have  been  and  still  are  among  the  most 
prominent  of  our  pig-iron  manufacturers.  David  was  killed 
while  the  Hokendauqua  furnaces  were  under  construction. 

In  1835  the  Franklin  Institute,  of  Philadelphia,  offered  a 
premium  of  a  gold  medal  "to  the  person  who  shall  manu- 
facture in  the  United  States  the  greatest  quantity  of  iron  from 
the  ore  during  the  year,  using  no  other  fuel  than  anthracite 
coal,  the  quantity  to  be  not  less  than  twenty  tons,"  but  we 
can  not  learn  that  the  medal  was  ever  awarded  to  any  of  the 
persons  who  were  instrumental  in  establishing  the  manufact- 
ure of  anthracite  pig  iron  in  this  country.  The  offer  of  the 
modal  proves  that  down  to  1835  all  efforts  to  manufacture 
pig  iron  with  anthracite  coal  had  been  unsuccessful. 

The  discovery  that  anthracite  coal  could  be  successfully 
used  in  the  manufacture  of  pig  iron  gave  a  fresh  impetus  to 
the  iron  industry  in  New  York,  New  Jersey,  and  Maryland, 
i\H  well  as  in  Pennsylvania.  In  1840  there  were  only  six  fur- 
naces in  the  United  States  which  used  anthracite  coal,  and 
they  were  all  in  Pennsylvania.  The  first  anthracite  furnace 
outside  of  Pennsylvania  was  built  at  Stanhope,  New  Jersey, 
in  1810  and  1841,  by  the  Stanhope  Iron  Company,  and  it 
wiiH  successfully  blown  in  on  April  5,  1841.  On  the  1st  of 
April,  lS4r>,  there  were  forty-two  furnaces  in  Pennsylvania 
and  Nmv  Jersey  which  used  anthracite  coal  as  fuel,  their 
ainmal  capacity  being  122,720  tons.  In  1856  there  were  121 
anthracite  furnaces  in  the  country  which  were  either  "nm- 
nin^  or  in  running  order" — ninety-three  in  Pennsjdvania, 
fourtct»n  in  New  York,  six  in  Maryland,  four  in  New  Jersey, 
three  in  Massiichusetts,  and  one  in  Connecticut.  These  fig- 
ures show  rapid  progress  in  building  up  in  a  brief  period 
a  now  branch  of  the  American  iron  industry.  Soon  after 
18«'>0  nianv  otluu'  furnaces  were  built  to  use  the  new  fuel. 

Although  the  revi>lution  to  which  we  have  referred  proj>- 
erly  dates  fn>iu  the  tii-st  successful  use  of  anthracite  coal  iu 
the  blast  furnace  the  now  fuel  had  previously  been  used  in 
a  <mall  way  in  this  country  in  other  ironmaking  operations. 
Its  use  in  those  oinn^ations  became  general  about  the  time 
when  pig  iron  was  tirst  made  with  it. 


To  encourage  the  use  of  anthracite  coal  the  Lehigh  Coa! 
Mine  Company  executed,  on  the  IStli  of  December,  1807, 
a  lease  for  twenty-one  years  to  James  Butlaud  and  James 
Rowland  of  two  hundred  acres  of  its  land  in  Northampton 
county,  Pennsylvania,  with  the  privilege  of  digging  iron  ore 
and  coal  free  for  the  manufacture  of  iron.  The  enterprise 
was  unfruitful  and  the  lease  was  abandoned  about  1S14.  No 
iron  was  made  and  we  think  that  no  coal  was  mined.  The 
foUow'ing  extract  from  the  proposition  of  Butland  &  Rowland, 
dated  November  30,  1807,  is  worthy  of  preservation :  "  The 
subscribers,  having  obtained  by  patent  from  the  United 
States  an  exclusive  right  of  using  a  natural  carbon  or  pecu- 
liar kind  of  coal,  such  as  is  found  in  the  neighborhood  of 
the  Lehigh  and  Susquehanna  rivers,  and  other  parts  of  the 
United  States,  for  the  purpose  of  manufacturing  pig,  cast, 
and  bar  iron,  propose  commencing  Ihe  operation  in  such  a 
situation  ag  may  be  deemed  best  adapted  to  the  purpose." 

The  first  use  of  anthracite  coal  in  connection  with  the 
manufacture  of  iron  in  tlie  United  States  dates  from  1812, 
in  wliich  year  Colonel  George  Shoemaker,  of  Pottsville,  Penn- 
sylvania, loaded  nine  wagons  with  coal  from  his  mines  at 
Centreville  and  hauled  it  to  Philadelphia,  where  with  great 
diEHcuIty  he  sold  two  loads  at  the  cost  of  transportation  and 
gave  the  other  seven  loads  away.  He  was  by  many  regarded 
as  an  impostor  for  attempting  to  sell  stone  to  tlie  public  as 
coal.  Of  the  two  loads  sold  one  was  purchased  by  White  & 
Hazard,  for  use  at  their  wire  works  at  the  Falls  of  Schuyl- 
kill, and  the  other  was  purchased  by  Malin  <lfe  Bishop,  for 
use  at  the  Delaware  County  rolling  mill.  By  the  merest  ac- 
cident of  closing  the  furnace  doors  Mr.  White  obtained  a  hot 
fire  from  the  coal,  and  from  this  occurrence,  happening  in 
1812,  we  may  date  the  first  successful  use  of  anthracite  coal 
in  the  manufacture  of  iron  in  this  country  and  in  the  man- 
ufacture of  other  American  products.  At  both  the  establish- 
ments mentioned  it  was  used  in  heating  furnaces.  Previous 
to  this  time  bituminous  coal  ^om  Virginia  and  Great  Brit- 
ain had  been  relied  uiK)n  for  manitfacturiug  purposes  in  the 
Atlantic  States  in  all  cases  where  wood  was  not  used.  The 
war  of  1812  prevented  the  importation  of  British  coal  and 
interfered  with  llie  supply  of  Virginia  coiil,  and  there  were 
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AS  tkI  no  in€£Liis  of  commcnic&tiozi  with  the  bituminous  coal 
drl'i*  of  W€s:em  Peiiiks7lTAziL&  or  Western  Maryland.  The 
nrm  of  White  ^  Hazard  vas  o»>mpo(se*i  of  Joeiah  White  and 
Erskine  Hazard. 

In  the  laner  f^n  of  1S2S  the  Boiston  Iron  Company,  own- 
ing the  Boston  iron  works,  obtained  a  foil  cargo  of  Lehigh 
anthracite  coal  for  use  in  heating  iron  to  be  rolled  in  its  mill 
and  for  smith-work.  A  short  time  previous  to  this  transac- 
rion«  but  in  the  same  year.  Cyrus  Alger,  of  South  Boston, 
obtained  a  lot  of  about  thirty  tons  of  Lehigh  coal,  which  he 
use*!  in  a  cupola  for  melting  iron  for  castings. 

Anthracite  coal  for  the  generati«>n  of  steam  was  first  used 
in  this  countrv  in  Januarr.  1S25.  unfier  the  boilers  of  the 
rolling  mill  at  Pho&nixTiile,  of  which  Jonah  and  George 
Thompson,  of  Philadelphia,  were  the  proprietors.  It  is  also 
claimed  that,  two  years  later,  in  1S27,  the  first  use  of  anthra- 
cite coal  in  the  puddling  furnace  in  this  country  was  made 
at  the  same  rolling  mill.  Jonah  an«i  George  Thompson  still 
being  the  proprietors.  It  is  state*!  that  anthracite  coal  was 
used  in  1S34  in  puddling  at  a  rolling  miU  at  Pottsville, 
owned  bv  Bucklev  d:  Swifi.  But  the  use  of  anthracite  coal 
for  puddling  did  not  become  general  until  about  1&40.  In 
lS3f*  it  was  use*!  in  p«ddl:ng  a:  the  B«>ston  iron  works  by 
Ralph  Cr«Xiker.  the  suf»erir::enden:.  Ab^»ut  1S36  Thomas  and 
Peter  Coop»er.  brother?.  iise»i  antiiracite  in  a  heating  furnace 
at  their  ri>llin£:  mill  on  Thirtv-thir^i  street,  near  Third  ave- 
nue.  New  York.  an«i  ac»out  1S40  :hey  began  puddling  with 
anthracite.  In  April.  1>4»^.  there  were  twenty-seven  rolling 
mills  in  Pennsylvania  and  New  Jersey  which  were  using  an- 
thracite '^jial  in  puddling  and  he^iting  furnaces  as  well  as  in 
pr*>iu-::ng  steam. 

TLrr  following  notice  ot  the  su:ve*5  oi  the  Messrs.  Thomp- 
^■11  in  :he  use  of  anthracite  coal  for  the  i:«n>Juction  of  steam 
;ii»;i^*v!v^i  in  lS2->  in  a  news;vat>er  published  at  West  Chester, 
P^:r.:i^ylvai::a :  **  We  understani  :h:i:  the  Messrs.  Thompson, 
;-.:  thr  Ph-s^nix  nail  works,  oj  French  creek,  have  fully  suc- 
•L-eeti-^i  ir^.  oonstrjcting  a  furnace  for  a  steam  engine  calcula- 
".r^i  f'>r  :hr  use  of  anthracite  v-Wil.  and  in  discovering  a  mode 

whiii;  tiiis  fuel  may  Ik-  mv>s:  advantageously  applied  to 
ha:  imfonan:  puri<»se.    We  would  heanily  congratulate  the 
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eastern  section  of  our  State  upon  this  valuable  discovery. 
Nothing  within  our  knowledge  has  occurred  of  recent  date 
which  can  have  a  more  auspicious  influence  upon  our  man- 
ufacturing interests." 

We  may  properly  close  this  chapter  and  introduce  its 
successor  by  quoting  the  following  extract  from  the  letter  of 
instructions  addressed  to  its  European  agent,  William  Strick- 
land, by  the  Acting  Committee  of  the  Pennsylvania  Society 
for  the  Promotion  of  Internal  Improvement.  This  letter  is 
dated  at  Philadelphia,  March  18,  1825.  In  speaking  of  the 
manufacture  of  iron  in  Pennsylvania,  and  the  necessity  of 
enlarging  it  by  the  adoption  of  European  methods,  the  com- 
mittee says : 

"  No  improvements  have  been  made  here  in  it  within  the 
last  thirty  years,  avd  the  vse  of  bituminuovs  avd  anthracite  coal 
in  our  furnaces  is  absohUely  and  entirely  unknoivn.  Attempts, 
and  of  the  most  costly  kind,  have  been  made  to  use  the  coal 
of  the  western  part  of  our  State  in  the  production  of  iron. 
Furnaces  have  been  constructed  according  to  the  plan  said  to 
be  adopted  in  Wales  and  elsewhere ;  persons  claiming  expe- 
rience in  the  business  have  been  employed ;  but  all  has  been 
unsuccessful." 
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CHAPTER  XLII. 

THE    MANUFACTURE    OF    IRON    WITH    BITUMINOUS 

COAL  IN  THE  UNITED  STATES. 

It  is  remarkable  that  the  introduction  of  bituminous  coal 
in  the  blast  furnaces  of  this  country  should  have  taken  place 
at  so  late  a  day  in  our  history  and  within  the  memory  of  men 
who  are  not  yet  old.  Bituminous  coal  had  been  discovered 
in  the  United  States  long  before  any  attempt  was  made  to 
use  it  in  our  furnaces,  and  Great  Britain  had  taught  us  while 
we  were  still  her  colonies  that  it  could  be  so  used.  In  1735 
Abraham  Darby,  at  his  furnace  at  Coalbrookdale,  in  Shrop- 
shire, had  successfully  made  pig  iron  \nth  coke  as  fuel;  in 
1740  a  coke  furnace  was  built  at  Pontj^xwl,  in  Monmouth- 
shire ;  and  in  1796  charcoal  furnaces  had  been  almost  entire- 
ly abandoned  in  Great  Britain.  Our  delay  in  following  the 
example  of  the  mother  country  may  be  variously  explained. 
There  was  a  lack  of  transportation  facilities  for  bringing  iron 
ore  and  coke  together ;  not  all  of  the  bituminous  coal  that 
had  been  discovered  was  suitable  for  making  coke ;  the  man- 
ufacture of  coke  was  not  well  understood ;  the  country  had 
an  abundance  of  timber  for  the  supply  of  charcoal ;  and, 
finally,  a  prejudice  existed  in  favor  of  charcoal  pig  iron  and 
of  bar  iron  hammered  in  charcoal  forges.  It  was  not  until 
about  1S40  that  successful  efforts  were  made  to  introduce  the 
use  of  bituminous  coal  in  American  blast  furnaces,  but  its 
use  made  slow  progress  for  many  years,  the  principal  reason 
being  the  poor  quality  of  the  coke  that  was  made.  Our  best 
coking  fields  had  not  been  developed.  As  late  as  1849  Over- 
man, in  his  ^fauu/adl(re  of  Iron,  in  treating  of  coke  furnaces 
in  the  Uniteil  States,  said  :  ^'  As  there  is  but  little  prospect 
of  an  addition  to  the  number  of  coke  furnaces  which  now 
exist  we  shall  devote  but  a  limited  space  to  this  subject." 

The  successful  introduction  of  bituminous  coal  as  a  fuel 
in  American  blast  furnaces  was  naturally  preceded  by  many 
experiments  in  its  use,  which  were  attended  with  varied  suc- 
cess, but  none  of  them  with  complete  success.     It  appears  to 
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be  mathematically  certaic  that  down  to  1835  all  of  these  ex- 
periments had  been  unsuccessful,  as  in  that  year  the  Franklm 
Institute,  of  Philadelphia,  offered  a  premium  of  a  gold  medal 
"  to  tbe  person  who  shall  manufacture  in  the  Unit«d  States 
the  greatfist  quantity  of  irou  from  the  ore  during  the  year, 
using  no  other  fuel  than  bituminous  coal  or  coke,  the  quan- 
tity to  be  not  less  than  twenty  tons."  The  Institute  would 
not  have  been  likely  to  make  this  offer  if  even  so  small  a 
quantity  as  twenty  tons  of  pig  iron  had  been  made  in  one 
furnace  with  bituminous  coal,  either  coke<l  or  uncoked. 

The  earliest  experiment  in  the  United  States  in  the  man- 
ufacture of  pig  iron  with  bituminous  coal  that  appears  to  be 
fully  authenticated  was  made  at  Bear  Creek  furnace,  in  Arm- 
strong county,  Pennsylvania,  in  1819.  This  furnace  was  built 
to  use  coke,  with  steam-power,  and  in  the  year  named  it  was 
blown  in  with  this  fuel,  but  the  blast  was  cold  and  loo  weak 
and  the  furnace  chilled  after  two  or  three  tons  of  iron  bad 
been  made.     Charcoal  was  then  substituted. 

In  a  report  by  f^  committee  of  the  Senate  of  PennsyNania, 
of  which  Hon.  S.  J.  Packer  was  chairman,  read  in  the  Senate 
on  March  4,  1834,  it  was  stated  that  "  the  coking  process  is 
now  understood,  and  our  bituminous  coal  is  quite  as  suscep- 
tible of  this  operation,  and  produces  as  good  coke,  as  that 
of  Great  Britain.  It  is  now  used  to  a  considerable  extent  by 
our  iron  manufacturers  in  Centre  county  and  elsewhere."  It 
is  certain  that,  at  the  time  this  report  was  written,  coke  could 
not  have  been  used  in  blast  furnaces  in  any  other  way  than 
as  a  mixture  with  charcoal,  except  experimentally.  Its  use 
as  a  mixture  with  charcoal  would  naturally  precede  its  sole 
use  as  a  blast-furnace  fuel.  Mr.  Packer  doubtless  also  had 
in  mind  the  use  of  coke  in  melting  pig  iron  in  "run-out" 
or  "  finery  "  fires  preparatory  to  converting  it  info  blooms 
or  bars  in  charcoal  forges.  We  have  elsewhere  referred  to 
the  use  of  coke  in  a  refinery  at  Plumsock,  in  Fayett«  county, 
Pennsylvania,  as  early  as  1817. 

The  offer  of  the  gold  medal  by  the  Franklin  Institute 
doubtless  assisted  in  stimulating  action  upon  a  subject  which 
had  already  attracted  much  attention.  In  the  year  in  which 
this  offer  was  made,  1835,  that  accomplished  furnace  mana- 
ger, William  Firmstone,  was  successful  in  making  good  gray 
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foi^  iron  for  about  one  month  at  the  end  of  a  blast  at  Mary 
Ann  furnace,  in  Huntingdon  county,  Pennsylvania,  with  coke 
made  from  Broad  Top  coal.  This  iron  was  taken  to  a  forge 
three  miles  distant  and  made  into  blooms.  The  coke  used 
at  the  furnace  was  not  prepared  to  be  so  used,  but  had  been 
made  for  use  in  the  "  run-out"  fires  at  the  forge  connected 
with  the  furnace,  Mr.  Firmstone  did  not  claim  the  metial. 
He  may  not  have  known  that  a  premium  had  been  offered 
for  the  achievement  which  he  undoubtedly  accomplished. 

Iq  a  pamphlet  published  in  April,  1836,  Isaac  Fisher,  of 
Lewistown,  Pennsylvania,  stated  tliat  "successful  experiments 
have  lately  been  tried  in  Pennsylvania  in  making  pig  iron 
with  coke."  It  is  probable  that  Mr.  Fisher  had  in  mind  Mr. 
Firmstone's  ex[)eriment  at  Mary  Ann  furnace, 

William  Firmstone  was  bom  at  Wellington,  in  Shropshire, 
England,  on  October  19,  ISIO.  When  quite  a  young  man  he 
was  manager  at  the  Lays  works,  near  Dudley,  which  were 
then  owned  by  his  uncles,  W,  &.  G.  Firmstone.  In  the  spring 
of  183o  he  emigrated  to  the  United  States.  After  filling  many 
responsible  positions  in  connection  with  the  manufacture  of 
pig  iron  in  his  adopted  country  he  died  at  his  residence  near 
Easton,  Pennsylvania,  on  September  11,  1877,  and  is  buried 
at  that  place.  He  was  one  of  the  first  to  introduce  the  hot- 
blast  in  the  United  States,  having  successfully  added  this 
improvement  to  Vesuvius  furnace,  in  Lawrence  county,  Ohio, 
in  1836,  In  1839  he  added  a  hot-blast  to  Karthaus  furnace, 
in  Pennsylvania. 

About  1837  F.  H.  Ohphant,  a  skillful  ironmaster,  made 
at  his  furnace  called  Fairchance,  near  Uniontown,  in  Fayette 
county,  Pennsylvania,  a  quantity  of  coke  pig  iron  exceeding  * 
twenty  tons,  and  probably  exceeding  100  tons.  He  did  not, 
however,  long  continue  to  make  coke  iron,  and  resume<l  the 
manufacture  of  iron  with  charcoal.  Mr.  Oliphant  had  heard 
of  the  ofEer  of  the  gold  medal,  and  in  a  letter  to  the  Institute, 
dated  October  3,  1837,  he  modestly  referred  to  his  success  id 
making  pig  iron  with  coke,  and  suggested  that  possibly  he 
was  entitled  to  the  premium.  Accompanying  his  letter  was 
a  box  of  pig  iron  and  tlie  raw  materials  of  its  manufacture. 
We  can  not  learn  that  he  ever  received  the  medal,  or  that 
anybody  received  it. 
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Between  183G  and  1839  other  attempts  to  use  coke  were 
made  at  several  furnaces  in  Penuaylvania,  but  all  the  experi- 
ments were  unsuccessful  or  unfortunate.  The  legislature  of 
Pennsylvania  passed  an  act  on  June  16,  1836,  "to  encourage 
the  manufacture  of  iron  with  coke  or  mineral  coal,"  which 
authorized  the  organization  of  companies  for  the  manufact- 
ure, transportation,  and  sale  of  iron  made  with  coke  or  coal 
At  Farrandsville,  in  Clinton  county,  six  mites  north  of  Lock 
Haven,  half  a  million  dollars  were  sunk  by  a  Boston  com- 
pany in  a  disastrous  attempt  to  smelt  the  neighboring  ores 
with  coke  and  to  establish  other  iron  and  mining  enterprises. 
This  company  had  commenced  operations  in  mining  coal  as 
early  as  1833.  The  furnace  was  blown  in  in  the  sununer 
of  1837  and  ran  probably  until  1839.  About  3,500  tons  of 
iron  were  made,  but  at  such  great  cost,  owing  to  the  impurity 
of  the  coal  and  the  distance  from  the  ore,  that  further  efforts 
to  make  iron  witli  coke  were  abandoned.  At  Karthaus,  in 
Clearfield  county,  the  Clearfield  Coal  and  Iron  Company, 
embracing  Henry  C.  Carey,  Burd  Patterson,  John  White,  and 
others,  siicceeded  in  1839,  under  the  management  of  William 
Firmstone,  in  making  pig  iron  with  coke  in  a  furnace  which 
was  built  in  1836  by  Peter  Ritner  (brother  of  Governor  Rit- 
ner)  and  John  Say,  but  at  the  close  of  the  year  the  whole 
enterprise  was  abandoned,  owing  to  the  lack  of  proper  trans- 
portation facilities.  A  furnace  at  Frozen  run,  in  Lycoming 
county,  made  some  pig  iron  with  coke  in  1838,  but  in  1839 
it  was  using  charcoal.  The  furnaces  at  Farrandsville  and 
Karthaus  were  both  supplied  with  hot^blasts,  the  former  in 
1837  and  the  latter  in  1839.  The  apparatus  at  Farrandsville 
was  made  at  Glasgow  and  was  the  best  then  known. 

Henry  Charles  Carey,  the  distinguished  political  econo- 
mist and  son  of  Mathew  Carey,  who  was  also  similarly  distin- 
guished, was  born  in  Philadelphia  on  the  15tli  of  December, 
1793,  and  died  in  the  same  city  on  the  13th  of  October,  1879, 
having  nearly  completed  his  86th  year.  He  was  buried  at 
Burlington,  New  Jersey,  where  his  wife  had  previously  been 
buried.  It  is  not  generally  known  that  Henry  C.  Carey  was 
ever  interested  pecuniarily  in  the  manufacture  of  iron,  as  we 
have  shown  above. 

The  first  notable  success  in  the  use  of  bituminous  coal  in 
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the  blast  furnace  in  this  country  was  achieved  at  three  fur- 
naces in  Western  Maryland.  Lonaconing  furnace,  at  Lonaco- 
ning,  in  the  Frostburg  coal  basin,  on  George's  creek,  about 
eight  miles  southwest  of  the  National  Road  at  Frostburg,  in 
Alleghany  county,  was  built  in  1837  by  the  George's  Creek 
Company  to  use  coke,  and  in  June,  1839,  as  is  stated  by 
Johnson,  in  his  Notes  on  the  Use  of  Anthracite,  it  was  making 
about  seventy  tons  per  week  of  good  foundry  iron,  Alexan- 
der says  that  this  furnace  was  fifty  feet  high,  and  that  "the 
air  was  heated  by  stoves  placed  near  the  tuyere  arches,  and 
attained  a  temperature  of  700  degrees  Fahrenheit."  The  fur- 
nace was  blowTi  by  an  engine  of  sixty  horse-i>ower.  In  the 
same  coal  basin,  on  the  south  branch  of  Jenning's  run,  nine 
miles  northwest  of  Cumberland,  two  large  blast  furnaces 
were  built  in  1840  by  the  Mount  Savage  Iron  Company  to 
use  the  same  fuel.  These  furnaces  were  for  several  years 
successfully  operated  with  coke.  It  is  worthy  of  notice  that 
Alexander's  report  to  the  Governor  of  Maryland,  made  in 
1840,  and  which  was  the  first  able  and  comprehensive  con- 
tribution to  the  technical  literature  of  tlie  iron  and  steel  in- 
dustries of  this  country,  was  written  partly  to  show  to  the 
people  of  Maryland  the  feasibility  of  substituting  coke  for 
charcoal  in  the  manufacture  of  pig  iron,  the  British  blast- 
furnace practice  at  that  time  being  largely  drawn  upon  for 
illustrations  of  what  had  already  been  accomphshed  with  the 
new  fuel. 

But  the  use  of  coke  did  not  come  rapidly  into  favor,  and 
many  experiments  with  it  were  attended  with  loss.  It  was 
not  until  after  1850  that  its  use  began  to  exert  an  appreciable 
influence  upon  the  manufacture  of  pig  iron.  In  1849  there 
was  not  one  coke  furnace  in  blast  in  Pennsylvania.  Over- 
man stated  in  that  year  in  his  book  that  he  knew  of  no 
coke  furnaces  in  this  country  which  were  then  in  operation. 
Thus  far  the  use  of  coke  had  not  contributed  to  the  revo- 
lution to  which  we  have  referred  in  the  preceding  chapter. 
In  1856  tliere  were  twenty-one  furnaces  in  Pennsylvania  and 
three  in  Maryland  which  were  using  coke  or  were  adapted 
to  its  use,  and  their  total  production  in  that  year  was  44,481 
gross  tons  of  pig  iron.  After  1856  the  use  of  this  fnel  ia 
the  blast  furnace  increased  in  Pennsylvania  and  was  extended 


to  other  States,  but  it  was  not  until  after  1865  that  its  use  for 
this  purpose  increased  rapidly.  Not  more  than  100,000  gross 
tons  of,  coke  were  consumed  iu  the  production  of  pig  iron  in 
this  country  in  that  year.  A  tremendous  stride  was  taken 
in  the  next  fifteen  years,  however,  the  quantity  of  coke  con- 
sumed in  the  blast  furnaces  of  the  United  States  in  the  cen- 
sus year  1880  having  been  2,128,255  net  tons.  In  the  census 
year  1890  the  consumption  was  a^out  10,000,000  net  tons. 

The  first  furnaces  south  of  tlie  Potomac  which  used  coke 
as  fuel  appear  to  have  been  Potomac  furnace,  on  the  Poto- 
mac river,  in  Loudoun  county,  Virginia,  about  three-quarters 
of  a  mile  below  Point  of  Rocks ;  Clinton  furnace,  nine  miles 
south  of  Morgiuitown,  in  Monongalia  county,  West  Virginia; 
and  Vulcan  furnace,  in  Hampshire  county,  Virginia,  nine 
miles  southeast  of  Cumberland.  These  furnaces  were  origi- 
nally built  to  use  charcoal,  but  they  used  small  quantities  of 
coke  before  the  civil  war.  Potomac  furnace  is  said  by  Lesley 
to  have  commenced  to  use  coke  in  1848,  and  Clinton  furnace 
used  the  same  fuel  in  1856.  About  1858  Vulcan  furnace 
was  blown  in  with  coke.  We  presume  tliat  all  these  furnaces 
drew  their  supply  of  coke  from  the  Frostburg  region.  We 
know  of  no  other  coke  furnaces  south  of  the  Potomac  and 
the  Ohio  rivers  prior  to  1860.  Potomac  furnace  was  owned 
in  1859  by  John  W,  Geary,  afterwards  Governor  of  Pennayl-> 
vania.  Anna  furnace,  on  the  right  bank  of  Cheat  river,  in 
the  village  of  Pridevale,  in  Monongalia  county.  West  Virgin- 
ia, made  an  unsuccessful  experiment  with  coke  in  1854,  after 
having  previously  used  charcoal. 

In  our  Tennessee  chapter  we  have  given  the  historj'  of 
the  first  coke  furnace  which  was  built  south  of  the  Potomac 
region.  This  was  Bluff  furnace,  at  Chattanooga,  which  was 
successfully  blown  in  with  coke  in  May,  1860,  after  having 
previously  used  charcoal. 

The  first  coke  furnace  built  in  the  South  after  the  war 
was  the  first  of  the  two  Rockwood  furnaces,  at  Rockwood, 
iu  Roane  ooimty,  Tennessee.  This  furnace  was  built  by  the 
Roane  Iron  Company  in  1867. 

While  the  effort  was  being  made  in  a  few  localities  in 
Pennsylvania  and  Maryland  to  introduce  the  use  of  coke  in 
the  blast  furnace  attention  was  also  directed  to  the  possibility 
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of  using  uncoked  coal  for  the  same  purpose,     Alexander 

says  that  the  proprietors  of  Lonaconing  furnace,  in  Western 
Maryland,  used  raw  coal  before  the  appearance  of  his  report 
in  1840.  He  leaves  the  reader  to  infer  that  it  was  success- 
fully used,  but  he  probably  wrote  from  imperfect  information. 
Some  unsuccessful  experiments  were  made  with  raw  coal  in 
Clarion  county,  Pennsylvania,  about  1840.  In  the  sketch  of 
Mercer  county,  Pennsylvania,  in  Day's  Hietorical  CoUe^uma, 
printed  in  1843,  it  is  stated  that,  "  in  the  vicinity  of  Sharon, 
on  the  Pittsburgh  and  Erie  canal,  exists  a  most  valuable  bed 
of  coal  of  peculiar  quality,  between  antljracite  and  bitiuni- 
nous,  without  the  least  sulp]iur.  It  has  been  tried  success- 
fully for  smelting  iron  in  a  common  charcoal  furnace."  It 
is  very  probable  that  the  furnace  referred  to  was  in  Mer- 
cer county.  The  coal  mentioned  is  now  classed  among  bitu- 
minous varieties.  At  Areole  furnace,  in  Lake  county,  Ohio, 
operated  by  Wilkeson  &  Co.,  raw  coal  from  Greenville,  Mer- 
cer county,  Pennsylvania,  was  experimented  with  about  1840. 
John  Wilkeson,  one  of  the  owners  of  the  furnace  at  that 
time,  writes  us  that  the  experiment  "  met  with  a  small  meas- 
ure of  success."  Doubtless  the  several  experiments  mention- 
ed were  not  the  only  ones  that  were  made  with  raw  coal  be- 
fore success  in  its  use  was  fully  achieved ;  and  doubtless,  too, 
none  of  the  experiments  mentioned  produced  any  more  sat- 
isfactory results  than  the  qualified  success  attained  at  Areole 
furnace. 

The  first  completely  successful  use  of  raw  bituminous  | 
coal  in  the  blast  furnace  occurred  in  the  autumn  of  1845.  It 
is  circumstantially  described  in  the  following  extract  from  a 
pamphlet  entitled  Ymmgetovm,  Past  and  Present,  published  in 
1875.  "  In  July,  1845,  Himrod  &  Vincent,  of  Mercer  county, 
Pennsylvania,  blew  in  the  Clay  furnace,  not  many  miles  from 
the  Ohio  line,  on  the  waters  of  the  Shenango.  About  three 
months  afterwards,  in  consequence  of  a  short  supply  of  char- 
coal, as  stated  by  Mr.  Davis,  their  founder,  a  portion  of  coke 
was  used  to  charge  the  furnace.  Their  coal  belongs  to  seam 
No.  1,  the  seam  which  is  now  used  at  Sharon  and  Youngs- 
town,  in  its  raw  state,  variously  known  as  '  free-burning  I 
splint,'  or  '  block  coal,'  and  which  never  makes  solid  coke. 
A  difficulty  soon  occurred  with  the  cokers,  and,  as  Mr.  Him- 


IRON  IN   ALL  XaZS. 


373 


rod  states,  he  conceived  the  plan  of  trying  his  coal  without 
coking,  TJie  furnace  continued  to  work  well  and  to  i>roduce 
a  fair  quality  of  metal.  It  is  admitted  that  Mr.  David  Him- 
rod,  late  of  Youugstown,  produced  the  first  metal  witli  raw 
coal  about  the  close  of  the  year  1845." 

The  furnace  here  alluded  to  was  situated  on  Anderson's 
run,  in  Mercer  county,  Pennsylvania,  about  two  and  one-half 
miles  southeast  of  Clarksville,  and  was  built  in  1845.  It  has 
been  abandoned  for  many  years.  In  the  chapter  relating  to 
Michigan  we  have  mentioned  the  part  taken  by  this  furnace 
at  a  later  day  in  smelting  Lake  Superior  iron  ores'  with  the 
block  coal  of  the  Shenango  valley. 

In  1845  Messrs.  Wilkeson,  Wilkes  &  Co.,  of  Lowell,  in 
Poland  township,  Mahoning  county,  Ohio,  commenced  the 
erection  of  Mahoning  furnace,  as  related  in  the  chapter  de- 
voted to  Ohio,  expressly  to  use  coal  in  its  raw  state  from 
their  mine  near  Lowell.  The  furnace  was  successfully  blown 
in  with  this  fuel  by  John  Crowtber  on  the  8tb  of  August, 
1846.  It  was  while  this  furnace  was  in  course  of  erection 
that  the  use  of  raw  coal  at  Clay  furnace  was  commenced.  It 
may  be  added  that  Mr,  Davis,  the  founder  of  Clay  furnace, 
visited  and  inspected  Mahoning  furnace  while  work  upon  it 
was  progressing,  and  that  be  had  been  an  employe  of  the 
owners  of  Arcole  furnace  and  was  familiar  with  the  experi- 
■  menta  that  had  been  made  at  it  in  the  use  of  raw  coal  about 
1840,  The  Trumbull  Democrat,  of  Warren,  Ohio,  for  August 
15,  1846,  in  an  account  of  the  blowing  in  of  Mahoning  fur- 
nace, states  that  "  to  these  gentlemen  (Wilkeson,  Wilkes  & 
Co.)  belongs  the  honor  of  being  the  first  persons  in  the  United 
States  who  have  succeeded  in  putting  a  furnace  in  blast  with 
raw  bituminous  coal." 

John  Crowther  was  an  Englishman,  bom  at  Broseley,  in 
Shropshire,  on  May  7,  1797.  He  emigrated  to  the  United 
States  in  1844,  immediately  prior  to  which  time  he  had  been 
the  manager  of  seven  blast  furnaces  in  Staffordshire — five 
at  Stowheath  and  two  at  Osier  Bed.  Prior  to  his  connection 
with  the  LoweU  furnace  he  had  been  employed  as  manager 
of  the  furnaces  at  Brady's  Bend.  He  adapted  many  furnaces 
in  the  Mahoning  and  Shenango  valleys  to  the  use  of  block 
coal,  and  instructed  three  of  his  sous  in  their  management, 
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CHAPTER   XLIII. 

STATISTICS    OF   THE    PRODUCTION   OF    PIG    IRON    IN 
THE   UNITED   STATES. 

The  following  table,  compiled  from  statistics  obtaineil 
by  the  American  Iron  and  Steel  Association,  exhibits  the 
production  of  pig  iron  in  the  United  States  in  each  year 
from  1854  to  1890,  classified  according  to  the  fuel  used.  In 
the  bituminous  column  is  included  pig  iron  made  with  both 
raw  coal  and  coke.     Net  tons  of  2,000  pounds  are  used. 
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This  table  showa  the  growth  of  the  maniifaeture  of  pig 
'Mron  with  anthracite  and  bituminous  coal  since  1854,  and  also 
the  periods  at  which  the  use  of  anthracite  coal  and  bitumi- 
nous coal  respectively  overtook  that  of  charcoal  in  the  blast 
furnace,  and  the  period  when  the  use  of  bituminous  coal 
overtook  that  of  anthracite  coal. 

Some  of  the  pig  iron  classed  above  as  having  been  pro- 
duced with  anthracite  and  bituminous  coal,  reapectiveh',  was 
produced  with  a  mixture  of  these  fuels,  the  quantity  of  pig 
iron  so  produced  being  mainly  represented  in  the  anthracite 
column.  The  mixed  fuel  referred  to  was  not  used  to  any 
noticeable  extent  until  about  1875,  and  its  use  has  increased 
in  every  succeeding  year.  The  total  quantity  of  pig  iron 
made  with  mixed  anthracite  and  bituminous  fuel  in  the  cen- 
sus year  1880  was  713,932  net  tons.  Of  the  production  of 
1.885,596  net  tons  of  so-called  anthracite  pig  iron  in  1883 
not  less  than  920,142  tons  were  produced  witli  mixed  fuel, 
or  nearly  one-half  of  the  total  quantity.  Of  the  production 
of  2,448,781  net  tons  of  anthracite  and  mixed  anthracite  and 
bituminous  pig  iron  iu  1890  only  279,184  net  tons  were  made 
with  anthracite  alone.  Very  little  of  the  pig  iron  in  the  bi- 
tuminous column  was  made  with  mixed  antliracite  and  bi- 
tuminous fuel.  In  late  years  mixed  fuel  has  only  been  used 
in  the  furnaces  represented  in  the  anthracite  column. 

Prior  to  the  organization  of  the  American  Iron  and  Steel 
Association,  at  Philadelphia,  on  March  6,  1855,  the  statistics 
of  our  production  of  pig  iron  were  not  annually  obtained. 
Such  statistics  as  were  obtained  and  have  been  preserved  are 
herewith  presented,  in  gross  tons,  by  decades.  For  1810  and 
1840  they  embrace  castings  from  the  furnace  as  well  as  pig 
iron.  For  1810,  1840,  and  1850  the  figures  given  are  census 
statistics;  for  1820  and  1830  they  are  from  estimates  by  rep- 
utable authorities. 

Production  of  pig  iron  in  the  United  States  in  1810^ 
53,908  gross  tons;  in  1820—20,000  tons;  in  1830—165,000 
tons;  in  1840—286,903  tons;  in  1850—564,755  tons.  We  have 
no  statistics  for  an  tarlier  period  than  1810. 

For  the  first  time  in  our  history  the  production  of  pig 
iron  in  the  United  States  in  1890  exceeded  that  of  Great 
Britain  in  her  year  of  greatest  production. 
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namely,  Joshua,  Joseph  J.,  and  Benjamin.  He  died  on  April 
15,  1861,  at  Longton,  in  Staffordshire,  England,  where  he  is 
buried.  Joahua  Crowther  died  in  this  country  in  October, 
1883,  aged  over  60  years. 

After  it  had  been  deinonatrated  at  Clay  and  Mahoning 
furnaces  that  the  block  coal  of  the  Shenango  and  Mahoning 
valleys  could  be  used  in  the  manufacture  of  pig  iron  other 
furnaces  iu  these  two  valleys  were  built  to  use  this  fuel,  and 
some  charcoal  furnaces  were  altered  to  use  it.  In  1850  there 
were,  however,  only  four  funiacea  in  the  Mahoning  valley 
and  only  seven  in  the  Shenango  valley  which  used  raw  coaL 
After  1850,  and  especially  after  the  introduction  into  these 
valleys  of  Lake  Superior  ores  about  1856,  the  use  of  raw  coal 
greatly  increased.  In  1856  six  furnaces  in  Pennsylvania  and 
thirteen  in  Ohio  were  using  this  fuel,  their  total  production 
in  that  year  being  25,073  gross  tons.  Some  progress  was 
afterwards  made  in  its  use  in  other  States,  particularly  in  In- 
diana, and  also  in  the  Hocking  valley  in  Ohio,  but  down  W 
1880  its  use  had  been  mainly  confined  to  the  Shenango  aud 
Mahoning  valleys.  Since  1880  its  use  has  gradually  declin- 
ed, coke  having  almost  entirely  taken  its  place,  even  in  these 
two  valleys. 

Probably  the  first  use  of  raw  bituminous  coal  in  a  fur- 
nace south  of  the  Ohio  river  was  at  "Alexander's  steam,  hot- 
blast,  stone-coal  furnace,"  afterwards  called  Airdrie  furnace, 
located  on  the  south  bank  of  Green  river,  at  Paradise,  in 
Muhlenburg  county,  Kentucky.  Lesley  says  that  this  furnace 
was  built  in  1857  "for  bituminous  ■coal  from  the  Airdrie  bed 
and  black-band  iron  ore,  both  mined  close  by  the  furnace." 

An  air  furnace  was  built  at  Westham,  on  the  James  river, 
six  miles  above  Richmond,  during  the  Revolution,  which  is 
said  to  have  used  bituminous  coal  from  Chesterfield  county, 
Virginia,  in  the  manufacture  of  sliot  and  shells  for  the  Con- 
tinental army  until  the  furnace  was  destroyed  by  Benedict 
Arnold  iu  1781. 

But  a  much  earlier  use  of  bituminous  coal  in  connection 
with  the  manufacture  of  iron  in  this  country  was  at  Colonel 
Spotswood's  air  furnace  at  Massaponax,  which  is  mentioned 
in  our  Virginia  chapter.  Colonel  Byrd  says  tliat  "  sea  coal," 
the  old  name  for  pit  coal  or  bituminous  coal,  was  used  at  this 
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air  furnace  when  he  visited  it  in  1732,  "  Sea  coal "  was  so 
named  because  it  was  originally  taken  to  London  from  the 
north  of  England  by  sea.  The  phrase  entered  into  common 
use,  and  was  applied  indiscriminately  to  all  bituminous  coal, 
even  if  it  had  not  been  near  the  sea.  It  may  still  be  heard 
in  New  England.  The  "sea  coal"  used  at  Massaponax  had 
undoubtedly  come  from  England  or  Wales. 

Bituminous  coal  was  used  at  an  early  day  in  a  raw  state 
in  the  heating  furnaces  attached  to  American  rolling  and 
shtting  mills,  and  in  1817,  when  a  rolling  mill  was  built  at 
Plumsock,  in  Fayette  county,  Pemisylvania,  it  was  so  used 
in  both  heating  and  puddling  furnaces.  In  the  same  year 
coke  was  used  in  a  refinery  at  this  mill.  It  was  not,  howev- 
er, until  about  1830,  when  rolling  mills  became  numerous  at 
Pittsburgh,  that  the  use  of  bituminous  coal  in  puddling  and 
heating  furnaces  assumed  noteworthy  prominence. 

Before  the  close  of  the  charcoal  era  in  1840  steam  had 
been  applied  to  the  blowing  of  American  furnaces,  hut  water- 
power  was  still  in  general  use.  The  necessity  of  increasing 
the  blast  and  other  considerations  soon  led  to  the  more  gen- 
eral use  of  steam  blowing  engines  in  connection  with  anthra- 
cite and  bituminous  furnaces.  Another  improvement  in  blast- 
furnace management  also  had  its  beginning  about  the  clpse 
of  the  charcoal  era,  namely,  the  utilization  of  the  combustible 
gases  emitted  from  blast  furnaces.  These  gases  were  first  used 
to  heat  the  boilers  for  the  blowing  engines  and  afterwards 
to  heat  the  hot-blast  stoves.  This  branch  of  our  general  sub- 
ject will  be  referred  to  hereafter. 
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STATISTICS    OF   THE    PRODUCTION   OF   PIG    IRON    IS 
THE   UNITED  STATEa 


The  following  table,  compiled  from  sbitistics  obtained 
by  the  American  Iron  and  Steel  Association,  exhibits  the 
production  of  pig  iron  in  the  United  States  in  each  year 
from  1S54  to  1890,  classified  according  to  the  fuel  used.  In 
the  bituminous  column  is  included  pig  iron  made  with  both 
raw  coal  and  coke.    Net  tons  of  2,000  pounds  are  used. 
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This  table  shows  the  growth  of  the  manufacture  of  pig 
iron  with  anthracite  and  bituminous  coal  since  1854,  and  also 
the  periods  at  which  the  use  of  anthracite  coal  and  bitumi- 
nous coal  respectively  overtook  that  of  charcoal  in  the  blast 
furnace,  and  the  period  when  tho  use  of  bituminous  coal 
overtook  that  of  anthracite  coal. 

Some  of  the  pig  iron  classed  above  as  having  been  pro- 
duced with  anthracite  and  bituminous  coal,  respectively,  was 
produced  with  a  mixture  of  these  fuels,  the  quantity  of  pig 
iron  so  produced  being  mainly  represented  in  the  anthracite 
column.  The  mixed  fuel  referred  to  was  not  used  to  any 
noticeable  extent  until  about  1875,  and  its  use  has  increased 
in  every  succeeding  year.  The  total  quantity  of  pig  iron 
made  with  mixed  anthracite  and  bituminous  fuel  in  the  cen- 
sus year  1880  was  713,932  net  tops.  Of  the  production  of 
1,885,596  net  tons  of  so-called  anthracite  pig  iron  in  1883 
not  less  than  920,142  tons  were  produced  with  mixed  fuel, 
or  nearly  oue-hatf  of  tlie  total  quantity.  Of  the  production 
of  2,448,781  net  tons  of  anthracite  and  mixed  anthracite  and 
bituminous  pig  iron  iu  1890  only  279,184  net  tons  were  made 
with  anthracite  alone.  Very  little  of  the  pig  iron  in  the  bi- 
tuminous column  was  made  with  mixed  anthracite  and  bi- 
tuminous fuel.  In  lat«  years  mixed  fuel  has  only  been  used 
in  the  furnaces  represented  iu  the  anthracite  column. 

Prior  to  the  organization  of  the  American  Iron  and  Steel 
Association,  at  Philadelphia,  on  March  6,  1855,  the  statistics 
of  our  production  of  pig  iron  were  not  annually  obtained. 
Such  statistics  as  were  obtained  and  have  been  preserved  are 
herewith  presented,  in  gross  tons,  by  decades.  For  1810  and 
1840  they  embrace  castings  from  the  furnace  as  well  as  pig 
iron.  For  1810,  1840,  and  1850  the  figures  given  are  census 
statistics;  for  1820  and  1830  they  are  from  estimates  by  rep- 
utable authorities. 

Production  of  pig  iron  iu  the  United  States  in  1810 — 
53,908  gross  tons;  in  1820—20,000  tons;  in  1830—165,000 
tons;  in  1840—286,903  tons;  in  1850—564,755  tons.  We  have 
no  statistics  for  an  Earlier  period  than  1810.  ^1 

For  the  first  time  in  our  history  the  production  of  pig  ^H 

iron   in   the  United   States   in  1890   exceeded  that  of  Great  ^H 

I  Britain  in  her  year  of  greatest  production.  ^H 

ItU  J 
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CHAPTER  XLR\ 

THE  MANUFACTURE  OF  BLLSTER  XSJ)  CRUCIBLE 
STEEL  ly  THE  UNITED  STATES. 

Steel  was  mannfactnred  in  a  small  way  in  several  of 
the  American  colonies,  either  ''  in  the  Crerman  manner  *'  or 
by  the  more  clearly  defined  cementation  process.  We  have  in 
preceding  chapters  incidentally  recorded  some  of  the  earliest 
attempts  that  were  made  to  manufacture  steel  by  these  pio- 
neer methods.  In  this  chapter  and  in  the  next  two  chapters 
we  will  endeavor  to  present  in  sufficient  detail  the  leading 
facts  in  the  development  of  the  present  magnificent  steel  in- 
dustry  of  our  country.  To  do  this  we  must  first  briefly  notice 
the  very  insignificance  of  our  small  steel  industry  as  it  exist- 
ed in  colonial  times  and  long  after  the  close  of  the  Revolu- 
tionary  struggle. 

Bishop  states  that  the  first  suggestion  of  the  manu&cture 
of  steel  in  the  colonies  was  made  in  1655,  when  John  Tucker, 
of  Southold,  on  Long  Island,  informed  the  general  court  of 
New  Haven  "of  his  abilitie  and  intendment  to  make  Steele 
there  or  in  some  other  plantation  in  the  jurisdiction,  if  he 
may  have  some  things  granted  he  therein  propounds."  In 
October,  1655,  and  May,  1656,  special  privileges  were  granted 
to  the  petitioner,  but  we  are  not  told  whether  he  ever  made 
any  steel  or  not.  Bishop  cites  Hoadly's  Neiv  Haven  Colonial 
Iterr/rds  as  his  authority  for  these  statements. 

We  will  here  copy  from  Colonel  William  Byrd's  Progress 
to  flie  Mines^  in  1732,  from  which  we  have  heretofore  quoted, 
a  i)art  of  his  interview  with  Mr.  Chiswell,  the  manager  of  a 
Virginia  furnace :  "  He  told  me  a  strange  thing  about  steel, 
that  the  making  of  the  best  remains  at  this  day  a  profomid 
secret  in  the  breast  of  a  very  few,  and  therefore  is  in  dan- 
ger of  being  lost,  as  the  art  of  staining  of  glass  and  many 
others  have  been.  He  could  only  tell  me  they  used  beech 
wood  in  the  making  of  it  in  Europe,  and  burn  it  a  consider- 
uhh;  tiiiH^  in  powder  of  charcoal;  but  the  mystery  lies  in  the 
lic|Uor  they  (quench  it  in."    As  Mr.  Chiswell  was  himself  a 
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skilted  metallurgist  it  may  be  assumed  that  he  correctly  ex- 
pressed the  sentiment  of  his  day,  that  the  manufacture  of 
cemented  steel,  otherwise  known  as  blister  steel,  was  a  great 
mystery.  Crucible  steel  had  not  then  been  invented.  It  is 
not  strange,  however,  that  it  should  have  been  supposed  as 
late  as  1732  that  the  quality  of  steel  should  at  all  depend  up- 
on the  "liquor"  in  which  it  was  quenched,  as  the  same  an- 
tiquated notion  still  exists  in  Sheffield,  It  will  be  remem- 
bered by  the  reader  that  in  the  early  chapters  of  tliis  history 
we  referred  to  the  use  by  the  ancient  steelmakers  of  certain 
waters  in  Italy  and  Spain,  as  is  recorded  by  Pliny  and  Livy. 
In  the  chapter  relating  to  the  extension  of  the  manufact- 
ure of  iron  in  New  England  we  have  stated  that  in  172S 
Samuel  Higley,  of  Simsbury,  and  Joseph  Dewey,  of  Hebron, 
in  Connecticut,  represented  to  the  legislature  that  the  first- 
named  had  "with  great  pains  and  cost  found  out  and  obtained 
a  curious  art,  by  which  to  convert,  change,  or  transmute  com- 
mon iron  into  good  steel,  sufficient  for  any  use,  and  was  the 
very  first  that  ever  performed  such  an  operation  in  America." 
They  asked  the  exclusive  right  "  of  practicing  the  business  or 
trade  of  steel-making"  for  twenty  years.  A  patent  was  grant- 
ed to  them  for  ten  years,  provided  that  "the  petitioners  im- 
prove the  art  to  any  good  and  reasonable  perfection  within 
two  years  after  the  date  of  this  act,"  They  do  not  seem  to 
have  succeeded  in  placing  their  enterprise  on  a  firm  founda- 
tion. Mr.  Charles  J.  Hoadly,  the  librarian  of  the  Connecti- 
cut State  Library,  sends  us  a  copy  of  the  certificate  of  two 
smiths  who  certified  to  the  excellence  of  Mr.  Higley's  steeL 

This  may  («rtify  all  cooL-erned  that  Samuel  Higley  of  tliia  town  of 
Simebury  came  to  the  nhop  of  ae  Ihe  aubaoribors  bring  blaokBiiiitliH,  some 
time  in  June  in  the  M?flT  one  thousand  seven  hundred  and  twenty-five,  and 
desired  ua  U.  let  bun  have  a  i>ound  or  two  of  iron  made  nt  the  new  works 
nearTurkej  Hills  which  we  according  to  hia  desire  let  him  have,  sbnpeing 
severall  peices  according  to  his  order.  He  desired  tbiit  we  would  take  no- 
tice of  them  that  we  uugbt  know  them  again,  fur,  said  he,  I  am  a  going  to 
make  Steel  of  this  Iron  and  1  sball  in  a  few  days  l>ring  them  to  you  to  try 
for  sieel.  Accordingly  he  brought  the  aame  pieces  whii^h  we  let  him  have, 
and  we  proved  them  and  found  them  good  steel,  which  was  the  liret  steel 
that  ever  was  made  in  this  country  that  ever  we  saw  or  heard  of.  Since 
which  he  hath  made  farther  experiment,  taking  from  us  Iron  &  returning 

K SteeL    As  witneae  mir  hands  tins  7Ib  day  of  May,  1728. 
TtMo"  Phelps.     John  Pbake. 
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Mr.  HooiUj  informs  us  that  the  mother  of  Gfovemor  Jon- 
athan  Trumboil,  of  Connecticut,  ("  Brother  Jonathan,")  was 
a  member  of  the  Higley  family,  and  that  John  Brown,  of 
OsBawatomie,  was  descended  from  the  same  family. 

In  October,  1740,  the  Connecticut  legislature  granted  to 
Messrs.  Fitch,  Walter,  and  Wyllys  "  the  sole  privilege  of 
making  steel  for  the  term  of  fifteen  years,  upon  this  condition, 
that  ihey  shoold  in  the  space  of  two  years  make  hall  a  loo 
of  steel."  It  appears,  however,  that  this  condition  was  not 
complied  with,  and  that  the  privilege  was  extended  two  years 
longer,  or  until  1744,  before  which  time  Aaron  Eliot  and  Ich- 
abfid  Miller  certified  tlmt,  "after  many  expensive  and  fruit- 
leflB  trials  with  which  sundry  of  the  owners  were  discouraged, 
the  aS&\T  being  still  pursued  by  olliers  of  thetn,  it  has  so  fsr 
succeeded  that  there  has  been  made  more  than  half  n  ton  of 
steel  at  the  furnace  in  Symsbury  which  was  erected  for  that 
purpose  by  the  gentlemen  to  whom  the  aforesaid  grant  was 
made."  Fitch,  Walker,  and  Wyllys  were  not  mechanics,  the 
first  two  beii^  lawyers  and  the  last-named  being  the  secre- 
tary of  the  colony.     These  facts  we  learn  from  Mr.  Hoadly. 

Some  time  previous  to  1750  Aaron  Eliot  owned  a  steel 
furnace  at  Killingworth,  in  Middlesex  county,  Coimecticut, 
and  in  this  furnace  he  succeeded  in  1761  in  converting  into 
good  steel  a  bar  of  iron  made  in  a  common  bloomary  from 
magnetic  sand  by  his  father,  the  Rev.  Jared  Eliot,  who  re- 
ceived a  gold  medal  from  the  London  Society  of  Arts  "  for 
producing  malleable  iron  from  tlie  American  black  sand." 
It  was  sent  through  "the  care  of  our  friend,  Ben  Franklin." 

In  May,  1772,  the  following  petition  was  presented  to  the 
legislature  of  Connecticut  by  Aaron  Eliot,  for  a  copy  of  whicii 
document  we  are  indebted  to  the  politeness  of  Mr.  Hoadly. 
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To  the  HonI  General  Assembly  now  sitting  in  Hartford.  The  memo- 
rUI  of  Aaron  Eliot  of  Killingworth  humbly  ahcwcth, 

Tliat  your  meinorialist  has  for  a  number  of  yeare  carried  on  the  Steel 
ilonufacture  in  this  Colony  and  has  toade  very  large  quantities  mllicieiit 
to  supply  all  the  neeeasary  demands  of  that  article  in  this  Colony  as  well 
as  to  export  large  quantities  for  supplying  the  neighbouring  goTemmente; 
that  the  fortune  of  your  memoriulist  haa  not  been  lar^  enoi;gh  to  enpply 
himwlf  with  a  sulhi-ieut  stook  to  uirry  on  hia  bxuiincse,  &  haa  therefore 
Iiitlierto  been  oblip^d  to  procure  hia  stock  of  iron  at  New  York  on  cred'  and 
jiay  for  the  same  in  bis  slecl  when  made  at  the  moderate  price  of  £6(i  |>er 


ton,  [$I8fl.06!,  the  £  being  equal  to  tS^J,]  from  whence  it  has  been  again 
purchased  in  this  Colony  at  the  price  of  £75  and  £80  per  ton,  and  for  Bev- 
eral  years  past  almost  the  wliole  supply  of  steel  in  this  Colony  line  been 
from  New  York  of  the  manu&cture  of  your  memoriallBt  at  the  aforee'  enoi^ 
moua  advance,  and  your  memorialist  humbly  conceives  that  the  interest  of 
the  Colony  la  to  incourage  necesBary  and  advantageous  manubctoriee  with- 
in the  Colony,  not  only  for  the  necessary  consucaption  of  the  Colony  but 
for  export,  which  your  memorittliBt  will  be  able  to  effect  in  the  aforea"  arti- 
cle of  eteel  with  some  small  assistance  from  your  Hon"  to  procure  him  a 
siifficient  stock  and  thereby  save  larger  sums  of  money  within  this  Colony 
which  is  annually  paid  to  Sew  York  for  the  atecl  manufactured  in  this  Col- 
ony :  Wherefore  your  memorialist  humbly  prays  your  Honours  to  loan  to 
him  £500  out  of  the  publick  treasury  for  tliree  yeara  without  interest, 
whereby  he  will  be  enabled  to  carry  on  the  aforea  husineae  to  consider- 
able publick  advantage,  and  he  as  in  duty  bound  shall  ever  pray, 

Aaron  Eliot. 

Mr.  Eliot's  petition  waa  granted  in  1772,  and  in  1775  the 
loan  was  continued  for  two  additional  years. 

In  1750  Massachu setts  had  one  st-ee!  furnace.  In  the  New 
England  chapter  already  referred  to  we  have  stated  that  steel 
was  made  by  EHphalet  Leonard  at  Eaaton,  in  Massachusetts, 
about  1775  or  1776,  and  that  in  1787  his  son,  Jonathan  Leon- 
ard, increased  the  facilities  for  its  manufacture  at  the  same 
place.  It  is  stated  that  "  the  article  was  made  in  considera- 
ble amount,  and  chea|>ep  than  imported  steel,"  but  it  was  in- 
ferior to  foreign  steel  for  edge  tools  and  cutlery.  This  was 
cemented  steel.  By  reference  to  the  same  chapter  it  will  be 
seen  that  during  the  Revolution  steel  was  made  at  Cumber- 
laud,  in  Rhode  Island,  by  a  German,  "from  the  pi^ after  the 
mode  of  his  country,"  and  that  about  1799  steel  was  made  at 
Canton,  in  Massachusetts,  "from  crude  iron  by  the  German 
process,"  Other  early  steel  enterprises  in  Massachusetts  are 
recorded  in  the  same  chapter, 

Peter  Townsend,  who  became  the  proprietor  of  the  Ster- 
ling iron  works  in  New  York  before  the  Revolution,  produced 
in  1776  the  first  steel  made  in  that  province.  It  was  made 
"at  first  from  pig  and  aflerwards  from  bar  iron,  in  the  Ger- 
man manner."  Blister  steel  was  made  in  1810  by  Peter  Town- 
send,  Jr,,  which  is  said  to  have  been  of  as  good  quality  for 
the  manufacture  of  edge  tools  as  steel  made  from  Danne- 
mora  iron.  At  Amenia,  in  Dutchess  county,  New  York,  steel 
was  made  for  tlie  use  of  the  Continental  army, 
»  Kew  Jersey  had  one  steel  furnace  in  1750.    Steel  was  made 
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at  Trenton  daring  the  Revolution,  "but  the  business  after- 
wards declined." 

Pennsylvania  had  a  steel  furnace  in  Chester  countv,  called 
Vincent's,  about  1750,  and  in  that  year  it  had  two  other  steel 
furnaces  at  Philadelphia.  Of  one  of  the  last  named,  Will- 
iam Branson's,  Richard  Hockley  writes  to  Thomas  Penn  on 
June  3,  1750:  "As  to  steel,  Mr.  Branson  says  the  sort  he 
made,  which  was  blistered  steel,  10  tons  would  be  ten  years 
in  selling."  The  other  furnace,  Stephen  Paschal's,  which 
was  built  in  1747,  was  owned  in  1787  by  Nancarrow  «t  Mat- 
lock, when  it  was  visited  by  General  Washington,  and  is  said 
to  have  been  "the  largest  and  best  in  America."  In  1770 
Whitehead  Humphreys  was  the  proprietor  of  a  steel  furnace 
on  Seventh  street,  in  Philadelphia.  During  the  Revolution 
he  made  steel  for  the  Continental  army  from  Andover  iron. 
In  1786  the  legislature  of  Pennsylvania  loaned  £300  to  Mr. 
Humphreys  for  five  years  to  aid  him  in  making  steel  from 
bar  iron  "as  good  as  in  England." 

During  the  Revolution  Henry  Hollingsworth,  at  Elk  ton, 
in  Cecil  county,  Maryland,  manufactured  muskets  for  the 
Continental  army.  Some  of  his  bayonets  were  complained 
of  as  being  too  soft,  "  which  he  ascribed  to  the  bad  quality 
of  the  American  steel  with  which  they  were  pointed."  Bishop 
does  not  mention  any  steel  furnace  in  Marj'land,  and  we  are 
therefore  unable  to  conjecture  where  Mr.  Hollingsworth  ob- 
tained hfe  poor  steel.  We  are  also  without  positive  informa- 
tion concerning  the  colonial  or  Revolutionary  steel  industry 
of  Virginia  and  other  southern  colonies.  In  most  of  these 
colonies  bounties  were  offered  at  the  beginning  of  the  Revo- 
lution for  the  establishment  of  steel  furnaces  as  well  as  other 
manufacturing  enterprises. 

In  the  celebrated  report  of  Alexander  Hamilton,  dated 
December  5,  1791,  it  is  stated  that  "steel  is  a  branch  which 
liJis  already  made  a  considerable  progress,  and  it  is  ascertain- 
e<l  that  some  new  enterprises  on  a  more  extensive  scale  have 
h)een  lately  set  on  foot."  In  the  same  year,  1791,  in  a  reply 
to  Lord  Sheffield's  Observations  on  (he  Commerce  of  the  United 
States^  Tench  Coxe  stated  that  "about  one-half  of  the  steel 
coiisumerl  in  the  United  States  is  home-made,  and  new  fur- 
naces are  building  at  this  moment.     The  works  being  few, 


and  the  imiwrtations  ascertained,  this  fact  is  known  to  be 
accurate."  The  works  here  referred  to  were  all  doubtless 
cementation  furnaces,  which  produced  blister  steel. 

In  1805  tliere  were  two  steel  furnaces  in  Pennsylvania, 
which  produced  annually  150  tons  of  steel.  One  of  these  was 
in  Philadelphia  county.  In  1810  there  were  produced  in  the 
whole  country  917  tons  of  steel,  of  which  Pennsylvania  pro- 
duced 531  tons  in  five  furnaces,  one  at  Philadelphia,  and  one 
each  in  Philadelphia,  Lancaster,  Dauphin,  and  Fayette  coun- 
ties. The  remainder  was  produced  in  Massachusetts,  Rhode 
Island,  New  Jersey,  Virginia,  and  South  Carolina,  each  State 
having  one  furnace.  In  1813  there  was  a  steel  furnace  at 
Pittsburgh,  owned  by  Tuper  &  McKowan,  which  was  the 
first  in  that  city.  Tench  C'oxe  declared  in  this  year  that  the 
manufacture  of  "common  steel,  iron  wire,  and  edge  tools" 
had  been  greatly  advanced  since  1810. 

In  1818  John  and  Jacob  Rodgers,  Isaac  Smedley,  and 
James  Wood  were  engaged  in  the  manufacture  of  saws  at 
Valley  Forge,  Pennsylvania,  on  the  Montgomery  county  side 
of  Valley  creek.  Mr.  Wood  was  the  manager  of  tlie  works. 
The  company  built  a  furnace  in  that  year  for  the  manufact- 
ure of  crucible  steel  for  saw  plates,  John  Parkins  and  his 
son,  John  Parkins,  Jr.,  both  from  England,  being  employed 
as  practical  steelmakers.  These  persons  are  said  to  have 
made  an  unsuccessful  attempt  to  make  cast  steel  at  New 
York  city  in  1812.  The  company  at  Valley  Forge  is  said 
by  Mr.  Wood's  son,  Mr.  John  Wood,  of  Conshohocken,  who 
is  now  living,  to  have  made  some  excellent  steel,  but  the 
project  was  soon  abandoned.  Clay  for  crucibles  was  brought 
from  Perth  Amboy,  and  some  plumbago  crucibles  were  im- 
ported from  England.  This  is  the  first  important  crucible-steel 
entei^jrise  in  our  history  that  has  been  brought  to  our  notice. 

In  1831  a  convention  of  tlie  friends  of  American  industry 
assembled  at  New  York,  at  which  were  submitted  many  able 
reports  upon  the  iron  and  steel  industries  of  this  country  as 
they  existed  at  that  time.  From  one  of  these  reports,  pre- 
pared by  Mr.  John  R.  Coates,  of  Philadelphia,  we  leam  that 
there  were  then  in  the  United  States  fourteen  blister-steel 
furnaces,  distributed  as  follows:  two  at  Pittsburgh,  one  at 
Baltimore,  three  at  Philadelphia,  three  at  New  York,  one  in 
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York  county,  Pennsylvania,  one  at  Troy,  New  York,  two  in 
New  Jersey,  and  one  at  Boston.  The  report  mentioned  that 
"these  furnaces  are  known  to  be  now  in  operation,  and  of  a 
capacity  sufficient  to  supply  more  than  1,600  tons  of  steel  an- 
nually, an  amount  equal  to  the  whole  importation  of  8t«el  of 
every  kind."  The  report  continued  :  "  But  it  should  be  ob- 
served that  steel  for  common  agricultural  purposes  is  not  the 
best,  although  it  is  most  used ;  and  that  American  is  quite 
equal  to  English  steel  used  for  such  purposes  in  England. 
American  competition  has  excluded  the  British  common 
blister  steel  altogether.  The  only  steel  now  imported  from 
Great  Britain  is  of  a  different  and  better  quality  than  that 
just  mentioned."  The  common  blister  steel  of  American 
manufacture  which  is  above  referred  to  was  used  for  plow- 
shares, shovels,  scythes,  and  cross-cut  and  mill  saws. 

The  better  qualities  of  steel  which  were  not  made  in  this 
country  in  1831,  but  were  imported  from  E,urope,  almost 
entirely  from  England,  were  known  as  {1)  best  blister  steel, 
made  from  iron  from  the  Dannemora  mines  in  Sweden;  (2) 
shear  steel,  of  the  same  origin ;  and  (3)  cast  steel,  made  in 
crucibles.  Concerning  blister  steel  of  the  best  quality  the  re- 
port from  which  we  have  quoted  says  that  "  steel  is  now  made 
at  Pittsburgh,  and  may  be  made  in  New  York  and  Connecti- 
cut, bearing  a  fair  comparison  with  the  best  hoop  L  or  Dan- 
nemora steel.  No  difference  is  observed  where  trials  have 
been  made  without  disclosing  to  the  judges  the  origin  of 
either."  The  report  adds  that  iron  equal  to  Swedish  for  the 
manufacture  of  steel  had  been  recently  manufactured  "  by 
improved  processes  from  tlie  ore  of  Juniata,  and  both  sides 
of  the  line  between  New  York  and  Connecticut."  Shear  steel 
was  the  best  blister  steel  of  the  cementation  fumac^  rework- 
ed tinder  a  hammer  into  bars  suitable  for  the  manufacture 
of  coarse  cutlery  and  edge  tools.  The  manufacture  of  this 
steel  was  then  about  being  introduced  into  tliis  country. 
The  report  says:  "England  has  hitherto  monopolized  this 
branch  also,  from  being  in  possession  of  the  only  European 
steel  that  would  bear  the  expense  of  preparation,  and  from 
the  perfection  of  her  machinery.  She  has  now  the  honor 
of  transferring  a  portion  of  her  experience  and  skill  to  the 
United  States." 
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Cast  steel,  wliicli  was  then  made  only  from  the  best  blister 
steel,  was  not  made  in  the  United  States,  Several  attempts 
to  make  it  with  profit  had  beec  unfortunate  in  their  results. 
"The  causes  of  failure/'  says  the  report,  "were,  first,  the 
want  of  the  best  quality  of  blister  steel  at  a  reasonable  price, 
and,  second,  the  want,  or  expense,  of  crucibles  of  proper 
quality,  wherein  the  blister  steel  is  to  be  melted  and  smelted. 
Black  lead  and  a  variety  of  clays  have  been  tried,  but  the 
weakness  of  these  materials  has  heretofore  caused  a  loss  to 
the  manufacturer."  The  English  Stourbridge  clay  was  the 
ouly  clay  which  in  1831  was  known  to  possess  the  (qualities 
required  for  crucibles.  The  report  says  that  "  the  explorations 
of  the  present  year  have  disclosed  the  existence  of  clay  anal- 
ogous to  that  of  Stourbridge,"  the  discoveries  being  made  in 
Centre,  Clearfield,  and  Lycoming  counties  in  Pennsylvania 
and  in  the  vicinity  of  Baltimore.  The  expectations  created  by 
these  discoveries  were  never  realized. 

From  1331,  the  date  of  the  report  from  which  we  have  just 
quoted,  to  1860  very  little  progress  was  made  in  developing 
the  manufacture  of  the  tiner  qualities  of  steel  in  the  United 
States.  In  the  first  edition  of  Appletons'  Cyi'lopcedia,  printed 
in  1860,  it  was  stated  that  "  American  cast  steel  is  hardly 
known  in  the  markets."  During  this  period  of  thirty  years, 
however,  indeed  just  after  its  commencement,  there  was  one 
notable  and  successful  attempt  to  make  steel  of  the  best 
quality,  the  detailed  history  of  which  we  shall  now  give. 

In  August,  1832,  William  Garrard  and  John  Hill  Gar- 
rard, brothers,  commenced  the  manufacture  of  crucible  steel 
on  the  Miami  Canal,  at  Cincinnati,  in  works  which  had  been 
previously  erected  by  them,  and  which  were  projected  in  the 
autumn  of  1831.  Both  were  comparatively  young  men,  na- 
tives of  England,  but  residents  of  the  United  States  for  ten 
years  previous  to  the  year  mentioned.  The  style  of  the  firm 
was  Garrard  Brothers,  but  William,  the  elder  brother,  was  the 
projector  and  practical  manager  of  the  enterprise.  To  him 
and  to  his  friend,  Mr.  James  E.  Emerson,  of  Beaver  Falls, 
Pemisylvania,  we  are  indebted  for  the  very  full  details  we 
are  enabled  to  present  of  the  first  successful  works  in  the 
United  States  for  the  manufacture  of  crucible  steel  of  the 
best  quality.     Mr.  Emer.son  has  also  sent  lis  an  illustration 
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of  the  n-orks,  printed  from  a  wood-cut  made  in  ]833.    They 
were  called  the  Cincinnati  steel  worka. 

The  works  were  located  on  Canal  street,  extending  back  J 
to  Providence  street,  and  were  built  upon  a  portion  of  the  I 
ground  now  occupied  by  the  Lion  brewery.     They  embraced  \ 
a  furnace  for  converting  bar  iron  into  blister  steel :  two  pot-  J 
holes,  each   accommodating  two   jKits,  or  crucibles ;  and  the  ' 
necessary  machinery  for  manufacturing  saws  and  files.     In 
August,  1832,  the  first  cast  steel  was  made,  and  in  Xovember, 
1832,  the  first  mill  and  cross-cut  saws  were  made.     Dr.  Gar- 
rard wrote  us  in  1884  as  follows  concerning  his  enterprise. 

I  made  my  owu  blister  steel.    You  will  see  in  the  picture  of  my  worb 
a  large  raund  stack  ttuit  oontained  my  converting;  fiimare.    It  was  bailt  Tar   | 
two  ten-ton  converting  furnaces.    The  first  eruciblee  I  experimented  with   ( 
were  German  plumbago  pote,  but  tlicy  were  a  failure,  oe  they  spoiled  the 
steel  by  giving  out  too  much  gross  carbon.    I  then  went  to  Western  Vir- 
ginia, near  New  Cumberland,  and  found  a.  clay  that  very  much  resembled 
English  Stourbridge  clay,  and  by  putting  in  the  pots  made  of  it  about  tbo  \ 
same  proportion  of  burnt  mHterial  they  stood  about  ae  well  aa  the  Stour-  I 
bridge  pots,  and  answered  my  purpose  very  well.    In  tesjiect  to  the  build-  I 
ing  of  my  works,  I  was  my  own  architect,  drew  a  plan  for  my  works  o 
pa)>er,  and  superintended  tli©  brick-laying  myself;  in  fa^^t,  the  building  and    I 
machinery  were  all  mode  from  my  own  dntwiugs  and  under  my  own  so-  I 
perintendence.     I  sold   my  steel  and  manufactured  articles  principally  to  J 
mnnufiicturers.    There  were  some  wholesale  houses  that  bought  of  me,  bnt   [ 
they  were  importing  houses,  and  when  the  Sheffield  manufacturers  found   I 
that  I  was  making  aa  good  steel  and  manafactiired  s,ws  and  files  as  good   I 
as  they  did  they  giLve  oiu-  mercbant^  sucb  an  extended  time  of  credit  that   ' 
they  bought  as  little  as  [xisBible  from  us. 

Mr.  Emerson  furnished  us  in  1883  with  the  following  ad- 
ditional information  concerning  the  Cincinnati  steel  works. 

The  Doctor  still  has  bis  old  moulds  in  which  he  formed  his  cracibla^ 
in  the  regular  English  way.  For  best  evft  steel  he  first  used  Swedes'  iron. 
For  steel  used  for  saws,  springs,  etc.,  he  used  Tennessee  charcoal  iron.  For 
beet  cast  steel  he  also  used  considenible  Mbeouri  cbanroal  iron.  In  addi- 
tion to  saws  and  springs  he  made  steel  for  ehop|>ing  axes,  flics,  sad  tools  in 
general.  The  material  used  waa  all  very  high-priced,  so  that  the  ownen 
were  obliged  to  sell  their  spring  steel  at  from  10  to  15  cents  per  pound,  and 
beet  east  steel  at  lixim  18  to  2.5  cents.  The  very  crude  machinery  and  muv-' 
ner  in  which  all  of  tlie  work  had  to  be  done  added  also  to  tlie  coet. 

The  enterprise  was  started  during  Jaclu>on's  first  term  of  office.  And 
about  the  time  that  the  law  waa  paaeed  for  a  gradual  reduction  of  duties  on 
ail  iinporta  for  a  decade,  and  with  this  gradual  reduction  of  duties  fbreipi 
imjiortatioD  int^'cased,  to  pay  for  which  the  country  was  drained  of  moticr. 
Manulaclures  were  cluseil,  culminating  in  the  great  panic  of  1837,  at  wliifli 
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time  the  enterprise  of  our  vcDerable  friend  went  down  in  the  general  wreck 
tljat  engulfed  the  infant  manufiu'tureB  in  their  cradles  all  over  the  country. 

After  Garrard  Brothers  had  commenced  the  manufacture 
of  steel  W.  T.  Middleton  became  a  partner  in  the  enterprise, 
takmg  the  place  of  Dr.  Garrard's  brother.  Subsequently 
Charles  Fox,  a  lawyer,  became  a  partner.  After  the  failure 
in  1837  the  business  was  continued  in  a  restricted  way  until 
1844  by  Dr.  Garrard  and  Mr.  Fox,  the  principal  product  of 
the  works  being  blistfir  steel. 

In  the  Cincinnati  Directory  for  1834,  published  by  E. 
Deming,  at  No.  5  Johnston's  Row,  there  will  be  found  the 
following  announcement  on  page  233:  "Steel,  Saw,  and  File 
Factory,  on  Plumb  Street,  near  the  corporation  line,  owned 
by  Middleton,  Garrard  &  Co.,  manufacturers  of  all  kinds  of 
Cast  Steel,  by  steam-power.  Attached  to  this  establishment 
is  a  Saw  and  File  Factory,  in  which  these  articles  are  made 
equal  in  quality  to  those  imported," 

Mr.  Emerson  has  sent  us  a  file  made  in  1833  from  the 
crucible  steel  of  these  works,  and  a  turning-tool  made  from 
some  of  the  very  first  steel  made  by  them  in  1832,  and  used 
in  the  works, for  turning  their  chilled  rolls  for  sheet  steel. 
He  has  also  sent  us  other  interesting  relics  of  these  works, 
which  he  thus  describes  in  a  letter  written  in  1884. 

At  the  first  available  opportunity,  after  receiving  your  letter  of  the  2fjth 
of  December,  I  vieited  the  home  of  Dr.  Garrard  and  secured  an  old  turning 
tool  &nd  an  old  punch  used  aa  a  die  for  cutting  teeth  in  saws,  the  steel  of 
which  the  Doctor  informed  me  was  mode  in  lfl32.  I  have  forged  quite  a 
gbastly-loolcing  knife-blade  off  the  end  of  the  old  turning  tool,  and  h  Hmall- 
er  blade  off  the  end  of  the  saw-tooth  punch,  and  have  hardened,  temper- 
ed, and  finished  them.  I  have  been  working  steel  for  about  forty  yeara. 
At  Trenton.'New  Jersey,  during  the  civil  war,  I  manufactured  over  75,000 
cavalry  sabres  and  over  100,000  officers'  Bworda  for  the  United  States  Gov- 
ernment, and  I  think  that  1  know  Horaething  about  steel  and  about  tools.  I 
am  willing  to  submit  theee  tools  to  any  expert  and  risk  my  reputation  that 
in  quality  Ihey  are  flilly  equal  to  the  best  etec-l  made  in  this  country  to- 
day, and  also  equal  to  the  best  iinjiorted  English  steel.  Here  is  an  affidavit 
fkim  the  Doctor : 

Personally  appeared  Dr.  William  Garrard,  of  Fallslon,  Beaver  county, 
Pennsylvania,  and  being  duly  sworn  deposes  and  snys :  That  the  two  pieces 
of  steel  from  which  these  two  knives  were  ibrged,  tempered,  and  finished 
hy  Messre.  Emerson,  Smith  &  Co.,  of  Beaver  Falls,  Pennsylvania,  were  made 
by  him  at  Cincinnati.  Ohio,  in  1832,  hy  fimt  converting  Missouri  charcoal 
iron  into  hlifiler  steel  by  the  iwual  cementation  process,  then  by  melting  in 
jiola  made  by  himself,  pourjng  into  ingots,  then  forging  or  lilting  in  the 
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i  lathe  turning  tool,  and  ths  ] 
Furtherinoi*  the  said  WiUiani 


usual  nianncr.    The  large  piece  was  used  a 
siDall  one  ae  a  punch  for  toothing  saws. 
Uarrerd  aayeth  noL 
Sworn  and  suliscribed  before  lue  this  28th  day  of  I 

January,  A.  D.  1884.     Wismelb  S.  Moohe,        [     Wili.hm  Garhar 

[seal]  Kotary  Pvblic.) 

The  Doctor  baa  placed  in  my  hands  numerous  testimoniale  from  n 
n&cturers  who  UBcd  his  eteel  for  different  purposee — for  (.'hopping:  axes,  fllM, 
springs,  saws,  eli'. 

All  of  the  articles  mentioned  above  are  now  in  our  pos- 
session and  we  prize  thera  highly.    An  examination  of  tliem 
by  experts  will  fully  sustain  the  claim  that  they  are  made  I 
of  fke  best  crudbh  tool  steel. 

At  our  request  Mr.  .J,  Blodget  Britton,  the  eminent  metat-  I 
lurgical  chemist,  has  made  an  analysis  of  liberal  borings  from 
the  end  of  the  turning  tool  from  which  Mr.  Emerson  has  i 
forged  the  "ghastly-looking  knife-blade,"  the  remaining  part  I 
forming  the  handle  of  the  knife.  The  analysis  is  as  follows.  , 
It  will  possess  great  interest  for  all  our  readers  who  would  i 
know  the  chemical  elements  of  the  first  tool  steel  of  best  qual- 
ity that  this  country  has  produced. 


Mant^anese. .. 
Sulphur 


»    m  I 

.doubthil  traoa  1 


Pure  iron - 

Carbon 

Silicon. 

Silicatee .020         Total i»,W4    i 

Pho^honiB 

Dr.  Garrard  was  born  in  Laxfield  parish,  Suffolk  county, 
England,  on  the  21st  of  October,  1803.  He  removed  with  hJa 
father's  family  to  the  United  States  in  1822,  the  whole  fam- 
ily finding  a  home  near  Pittsburgh.  The  Doctor  says :  "  It 
was  during  the  last  two  years  that  I  was  with  pay  father 
that  I  built  a  small  converter  aud  experimented  on  the  ^-ari- 
ous  kinds  of  bar  iron,  converting  theM  into  blister  steel,  and 
through  a  careful  test  of  the  same  I  became  convinced  that  I 
could  make  steel  equal  to  the  English."  He  was  not  a  trained 
steelmaker,  nor  even  an  ironmaker.  His  trade  was  that  of  a 
bricklayer,  but  he  had  a  liking  for  chemistry,  and  his  atten- 
tion being  turned 'to  the  manufacture  of  steel  this  taste  was 
utilized.    The  rest  of  liis  story  we  have  told. 

John  Hill  Garmrd  died  at  Pittsburgh  in  1883,  aged  78 
years,  and  Dr.  Garrard  died  at  Fallston,  in  Beaver  county, 
Pennsylvania,  on  March  18,  1889,  agod  over  85  years. 


The  following  is  a  list  of  all  the  works  in  Pennsylvania 
that  were  engaged  in  the  conversion  of  steel  in  1850,  with 
their  product:  James  Rowland  &  Co.,  Kensington,  (Philadel- 
phia,) 600  tons;  J.  Robbins,  Kensington,  500  tons;  Earp  & 
Brink,  Kensington,  100  tons ;  Robert  S.  Johnson,  Kensington, 
400  tons;  W.  &  H.  Rowland,  Oxford,  (Philadelphia,)  700  tons; 
R.  &  G.  D.  Coleman,  Martic,  Lancaster  county,  400  tons ;  R, 
H.  &  W.  Coleman,  Castle  Fin,  York  county,  100  tons;  Singer, 
Hartman  &  Co.,  Pittsburgh,  700  tons;  Coleman,  Hailman  & 
Co.,  Pittsburgh,  800  tons ;  Jones  &  Quigg,  Pittsburgh,  1,200 
tons;  Spang  &  Co.,  Pittsburgh,  200  tons;  G.  &  J.  H.  Shoen- 
berger,  Pittsburgh,  200  tons;  S.  McKelvy,  Pittsburgh,  178 
tons ;  total,  thirteen  works,  with  a  product  of  6,078  tons.  Of 
this  quantity  only  44  tons  were  cast  steel.  The  foregoing  in- 
formation is  not  found  in  the  census  of  1850,  but  was  obtain- 
ed by  an  association  of  Pennsylvania  ironmasters.  The  cen- 
sus of  that  year  greatly  understates  the  extent  of  our  steel 
industry,  and  erroneously  makes  no  mention  of  the  manu- 
facture of  steel  in  any  other  State  than  Peimsylvania. 

From  about  1830  to  1860  many  attempts  were  made  at 
Pittsburgh  to  produce  blister  and  crucible  steel, "  Between 
1828  and  1830  Simeon  Broadmeadow,  an  Englishman,  and 
his  son  made  blister  steel,  and  about  1831  they  made  some 
cast  st«el  in  pots  of  their  own  manufacture.  The  attempt  to 
manufacture  cast  steel  weis  a  failure.  Josiah  Ankrim  &  Son, 
file-makers,  are  said  to  have  succeeded  in  making  their  own 
steel  after  1830,  but  by  what  process  is  not  stated.  In  1831 
Wetmore  &  Havens  successfully  produced  blister  steel.  In 
1833  the  firm  of  G.  &  J.  H.  Shoenberger  commenced  to  man- 
ufacture blister  steel,  and  in  1841  Patrick  and  James  Dunn 
attempted  the  manufacture  of  crucible  cast  steel  for  tliis  firm. 
This  last  enterprise  was  abandoned  in  a  year  or  two,  "The 
crucibles  employed  were  made  of  American  clay,  and,  as  may 
he  supposed,  were  ill-suited  to  the  purpose  required."  The 
firm  continued  to  make  blister  steel  until  1862,  when  its  fur- 
ther manufacture  was  abandoned.  It  used  Juniata  blooms 
exclusively.  About  1840  the  firm  of  Isaac  Jones  &  William 
Coleman  was  formed  to  manufacture  blister  steel,  which  busi- 
ness was  successfully  prosecuted  until  1845,  when  the  firm 
was  dissolved,  Mr.  Jones  retiring.    In  the  same  year  Jones  & 
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Quigg  built  the  Pittaburgh  steel  works,  also  to  manufacture 
blister  steeL  Mr.  Coleman  coutinued  alone  the  manufacture 
of  blister  steel  until  1846,  when  a  partnership  was  formed  un- 
der the  name  of  Coleman,  Hailman  &  Co.  Both  of  these  new 
firms  were  successful  in  making  blister  steel  of  good  quality. 
They  were  also  successful  in  manufacturing  some  cast  steel 
of  a  low  grade.  The  first  slab  of  cast  plow  steel  ever  rolled 
in  the  United  States  was  rolled  by  William  Woods  at  the  steel 
works  of  Jones  &  Quigg,  in  1846,  and  shipped  to  John  Deere, 
of  Moline,  Illinois.  About  1846  the  firm  of  Tingle  &  Sug- 
den,  file-makers,  made  its  own  steel.  This  is  said  to  have  been 
cast  steel.  The  firm  is  also  reported  to  have  made  some  cast 
steel  for  sale.  Juniata  iron  was  used  by  nearly  all  of  these 
manufacturers. 

In  1852  McKelvy  &  Blair,  of  Pittsburgh,  who  had  com- 
menced the  manufacture  of  files  in  1850,  made  cast  steel  of 
good  quality,  but  not  always  of  the  best  quality.  It  was, 
however,  of  a  quality  so  creditable,  and  so  uniformly  superi- 
or to  any  that  had  previously  been  made  at  Pittsburgh,  that 
the  firm  may  be  regarded  as  the  pioneer  in  the  production  of 
cast  steel  in  large  quantities  in  that  city.  In  1853  the  firm 
of  Singer,  Nimick  &  Co.,  of  Pittsburgh,  which  had  been  or- 
ganized in  1848  for  the  manufacture  of  blister  steel,  and  in 
1855  Isaac  Jones,  then  doing  business  in  his  ovm  name,  were 
successful  in  producing  the  usual  grades  of  cast  steel  for 
saw,  machinery,  and  agricultural  purposes,  but  they  did  not 
make  tool  steel  of  the  best  quality  as  a  regular  product.  Thafc 
honor  was  reserved  for  the  firm  of  Hussey,  Wells  &  Co., 
which  began  business  in  1859  and  in  the  following  year  was 
successful  in  making  crucible  cast  steel  of  the  best  quality 
as  a  regular  product.  This  was  done  with  American  iron. 
In  1862  the  firm  of  Park,  Brother  &  Co.,  also  of  Pittsburgh, 
accomplished  the  same  achievement,  also  with  American  iron. 
These  were  the  first  firms  in  this  country  to  meet  with  com- 
plete financial  as  well  as  mechanical  success  in  this  difiicult 
department  of  American  manufacturing  enterprise.  Botli  of 
the  works  referred  to  are  still  in  operation. 

For  many  of  the  foregoing  details  concerning  the  man- 
ufacture of  steel  at  Pittsburgh  we  are  indebted  to  an  anony- 
mous -publication,  entitled  Pitt^urgh,  its  Indwtttry  and  Com- 
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inCTw,  published  in  1870,  and  to  George  H.  Thurston's  Pitta- 
burgh  ami  Allegheny  in  the  Centennial  Year. 

While  these  exi>eriment8  in  the  manufacture  ot  the  best 
quality  of  steel  were  being  made  at  Pittsburgh  otbei-  locali- 
ties were  engaged  in  making  similar  experiments.  By  far 
the  most  important  of  these  were  made  by  the  Adirondack 
Iron  and  Steel  Company,  whose  works  were  at  Jersey  City, 
New  Jersey.  Tliey  were  built  in  184S  to  make  blister  steel 
from  charcoal  pig  iron  made  at  Adirondack,  in  Essex  county, 
New  York,  and  also  to  make  cast  steel.  The  pig  iron  was 
puddled  with  wood  at  Adirondack,  and  then  formed  into  bars 
under  a  hammer,  which  were  sent  to  Jersey  City,  where  they 
were  converted  into  blister  steel.  An  attempt  to  make  cast 
steel  by  melting  tlie  blister  steel  in  clay  crucibles  was  a  fail- 
ure, but  subsequently  cast  steel  of  good  quality  was  made  in 
'  black-lead  crucibles.  This  result  was  reached  as  early  as 
February,  1849,  and  possibly  a  few  months  earlier.  Of  the 
excellent  quality  of  the  cast  steel  manufactured  at  tliis  time 
at  these  works  there  is  abundant  evidence  in  the  testimony 
of  government  experts  and  also  of  many  consumers,  all  of 
which  is  now  before  us.  It  was  used  for  chisels,  turning  and 
engravers'  tools,  drills,  hammers,  shears,  razors,  carpenters' 
tools,  etc.  Its  manufacture  was  continued  with  encourag- 
ing results  until  1853,  when  the  business  was  abandoned  by 
the  company.  It  had  not  proved  to  be  profitable,  partly  be- 
cause of  the  prejudice  existing  against  American  cast  steel. 
The  works  were  then  leased  for  ten  years,  during  which  time 
they  were  operated  witli  varying  success.  James  R.  Thomp- 
son was  the  manager  from  1848  to  1857.  In  1863  they 
were  purchased  by  Dudley  S.  Gregory,  one  of  the  original 
stockholders,  and  were  from  that  time  managed  with  uni- 
form success  for  the  owner  by  H.  J,  Hopper.  In  1874  Mr. 
Gregory  die<l,  and  the  works  descended  to  his  sons.  They 
were  afterwards  owned  by  AnJrew  Williams.  In  1885  they 
were  abandoned  and  dismantled.  At  the  time  of  their  aban- 
donment they  were  the  oldest  active  cast-steel  works  in  the 
United  States,  having  been  continually  employed  in  the  pro- 
duction of  this  kind  of  steel  since  1849. 

It  is  proper  to  add  that,  while  good  cast  steel  was  made 
after  1849  at  the  works  of  the  Adirondack  Iron  and  Steel 


k 


392  THE   MANUFACTURE  OF 

Comjiauy,  the  product  was  not  for  many  years  of  uniform 
oxoellence.  Much  of  it  was  good  tool  steel,  but  much  of  it 
Wiis  also  irregular  in  temper.  The  exact  truth  appears  to  be 
that  tlie  cast  steel  produced  by  this  company  during  the 
earlv  vears  of  trial,  or  from  1849  to  1853,  was  more  uniform- 
ly  excellent  than  that  which  had  been  produced  by  earlier 
or  by  cotemporary  American  steel  works,  the  Cincinnati  steel 
works  of  Garrard  Brothers  alone  excepted.  This  excellence 
was  due  to  the  sup>eriority  of  Adirondack  iron.  Since  1852 
the  Adirondack  works  have  had  many  rivals  in  the  produc- 
tion of  crucible  cast  steel,  the  earliest  of  which  have  already 
been  described. 

Jam^  R,  Thompson  died  on  Monday,  April  18th,  1887, 
at  his  home,  Xo.  12S  Fifth  avenue,  New  York.  He  was 
K"*ni  at  Broadalbin,  in  Fulton  coimty,  New  York,  about  1822. 

Mr,  Thomas  S,  Blair,  of  Pittsburgh,  has  kindly  furnished 
us  with  the  following  reminiscences  of  the  American  steel  in- 
dtistry  as  it  existed  at  Pittsburgh  about  1850. 

Tho  bli<<«(*T  sste^I  m«iie  ja  I^ttsborgh  iras  sent  all  o\%r  the  West,  and 
>x^i$  tt^\l  by  tho  coanizy  bUcksmiths  for  the  pointing  of  picks,  mattocks, 
oTo.«  AUii  f^Y  (elating  oot  inu>  rouch  hc^s.  etc.  It  ms  nsoallT  made  fix>m 
.InnUi;!!  Kswnvs^  «i^^wrial*T  in  ihe  perii>i  anteri'.tr  to  1S50.  After  that  date 
Olviw^^n  iMv  bl^vwa*  wei^  nsied  to  a  cv"*nsiderible  extent.  German  eteel 
x^^s  siui'jvy  SlwCtT  :K<Vi  Tviievi  'lown.  The  two  lea* ling  applications  of 
i^on^^Au  ^i^xv',  ^nx-^rt^  :si;tr.na??  Ai>*i  jm  w-?hsTes.  The  bosine*  was  very  lazge 
u\  ono  r.r.^c  iv  A  .^  H.  >hc*e::ber43er  iv.i>bc*i  :hi5  brand  vi:K»rouslv  from 
ciK^r/.  ^^.^  :o  '.vV'     Moxr.'whik  c;«:ie  a  ii.i::i':«rr  of  other  o:»noems  entered 

TSc  Sh.vr.^.v  w-r  cxxx^rlnw-r.:  ir.  tht-  r.:ji:::ifk-r:iiv  of  craoible  sieel  failed 
or.  j*»\\v,v..:  v\:'  ;ho  :r.*:-r!;c  c.^:r>-  of  thv  i-r  ^iccn-  The  firm  wenEr  so  con- 
r-.ii  V,:  :>^-.;  :y^  ,ror,  .w,"'.*  iv  fo«ai  iz  :hi?  .••ir.rrj-  That  ccaid  in  any  respect 
i\a".  ::^  .'.,:;jirji  .r.c  :>*&:.  '•ht::  :>**:  inije  fiik-i  to  pT\»lnce  «ieel  equal 
:.  ::,a:  .  r  S:it^;v,v  :i>;-;«  irfc\Y  zy  :":>?•  ^'>&-.-fa /r:iTir  of  ,:?t2  ^ible  steel.    In  the 

u:.:  .>:':r;;-  ;v.itru:w  ct,r>;v-  ::Ti.>fc  \hi-  s.'it -r.fi:  iiji-tb-^i*  which  the  Bee- 
s::vnr  -.c.vx':^  :j85  r.i».?i^  ik  rjix^'S^.TT    -wi    rf."*  izi3e:sLkZii  that  the   Shoen- 

»;•'^^•'s  .^^.:•.;  i-jx  v.d»lc   4r»i  .t.i. '.:•>;   s*:!*--!     o:    .'  ir:«n  containing  two- 

X.K:  •>   A  Kji.T  a:  r.Ts:  ;vji^  ::>;.:  -.»•:*    c:  :■:  I^M^y  and  Stanning- 

'  c.  .  y. '    .r.;vc^iv\  froTA  V-ncikui     Tr^f   :ir...:;ir::  5qa«<?  c«f  Jct^eph  IHxon, 

•:   .':'^«'   /:»    Nx*    r;r^>      r,  "•,%fc*?V.c.Ui:  t>.'v  ^ .k^-.iih'^rare  of  plamlugo 

■-..!.     .';«N   vr  ^:.i. :.  ::}:    ,r. ?::.♦,   s:<«c\   .T.TiC\s:  ^   i^j-:  Fnited  States  owee 

:.  :.    t  r.iT.r.nr*    c>  ':    •■  ::ii:  f.rr.    i.Tj\  ::  ::.•:    .'--n^t  Cry  «ieel  works  a 

•■"■     J-.;-*.":    ..*     ^"^  ;..\  Tru'-^    .-;-:■:.•:>>  jLTfl  *.'/:.  Aiirroiack  blooms  Mr. 

T:  MT. ;.  •>. .;.  ..my,  s.  %.\  j;  ;  v,»:  • .  •;  -r. :  sJi»!f  • .      K  '."iti^  . «  '.  vV^  ia  i  I  >>l  McKelv  v  «& 

?.j_?  i.*ij  j;  >:;»:>  r*,...    ::<;    A -..^.csiii^-i.  :i'.».c:f  ni.vi  was  T»e»-i  in  the  nail 


factory  of  U.  &  J.  H.  Shoenberger.  It  may  be  Euided,  also,  that  tlie  kaives 
aail  diee  of  noil -cutting  niachinetj  afford  an  adniinible  t«st  of  endurance  in 
tool  Hleel.  The  Auierican  Bteel  made  from  American  iron  wan  fully  up  to 
the  English  Bte*i  in  every  particular. 

It  was  not  poRsiblo  for  McKeIvy  &  Blair  to  nbtajn  the  Adirondack 
blooms  in  any  quantity,  and  they  had  nu  other  resource  than  the  Cham- 
pkin  and  Miaeoiiri  blooms,  all  of  wtdcb  produced  red-Hhort  steel.  This, 
notwithatandinR  that  drawback,  found  a  market  so  extensive  that  the  firui 
sent  to  Sheffield  and  brought  out  several  skilleii  workmen,  and  the  buBi- 
nesi  of  manu&cturing  handsomely  flaii>heil  bars,  plates,  and  Hheeta  was 
lairly  inaugurated.  The  drawbacks,  however,  of  pioneer  operations,  chief 
amoot'  which  wafl  the  abominable  English  system,  imported  with  the  skill- 
ed labor,  of  "working  to  fool  the  uwster,"  were  too  much  for  the  financial 
strength  of  the  firm,  and  in  18.54  they  were  forced  to  drop  Iho  enterj'rise. 

The  manufacture  in  thia  country  of  crucible  cast  steel  of 
the  best  grades  may  be  said  to  have  been  established  on  a 
firm  basis  after  Hussey,  Wells  &  Co.,  Park,  Brother  &  Co., 
and  Gregory  &  Co.,  in  the  years  1860, 1862,  and  1863,  respect- 
ively, succeeded  in  making  it  of  uniform  quality  as  a  regular 
product.  Tlie  event  was  one  of  great  importance,  as  it  mark- 
ed the  establishment  in  this  country  of  a  new  industry  which 
was  destined  to  assume  large  proportions  and  to  be  of  very 
great  value.  It  met  a  want  that  had  long  been  felt,  and  dis- 
sipated the  long-standing  belief  that  this  country  possessed 
neither  the  iron  nor  the  skill  required  to  make  good  cast  steel. 
The  establishment  of  this  new  industry,  following  closely  in 
the  wake  of  our  successful  application  of  anthracite  and  bitu- 
minous coal  in  the  manufacture  of  pig  iron,  assisted  greatly 
to  advance  our  metallurgical  reputation  and  to  create  confi- 
dence in  our  future  metallurgical  possibilities.  But  none  of 
the  three  firms  named  could  have  succeeded  in  giving  to 
this  country  a  crucible-steel  industry  worthy  of  the  name  if 
the  Morrill  tariff  of  1861  and  its  supplements  had  not  en- 
couraged our  manufacturers  by  imposing  for  the  first  time  in 
our  history  really  protective  duties  on  steel  of  foreign  manu- 
facture. Our  whole  steel  industry  of  every  description  is  in- 
deed in  an  eminent  degree  the  child  of  protective  legislation. 

Sixty  years  ago,  when  the  convention  of  the  friends  of 
home  industry  met  at  New  York,  we  were  struggling  with 
the  difficulties  which  then  prevented  the  manufacture  of  blis- 
ter steel  of  best  quality ;  now  we  have  not  only  solved  that 
problem  but  thirty  years  ago  we  solved  the  greater  problem 
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of  the  manufacture  of  crucible*  steel,  and  a  few  vears  later  we 
achieved  the  still  greater  triumph  of  firmly  planting  upon 
American  soil  the  Bessemer  steel  industry.  To  this  marvel- 
ous industry  we  have  added  the  manufacture  of  steel  by  the 
open-hearth,  or  Siemens-Martin,  process — a  method  of  pro- 
ducing steel  second  only  to  the  Bessemer  process  in  cheapness 
and  productiveness. 

Yet  we  might  have  had  and  should  have  had  a  crucible- 
steel  industry  at  a  much  earlier  day.  The  success  of  Grarrard 
Brothers  in  manufacturing  the  best  quality  of  tool  steel  at 
Cincinnati  from  1832  to  1837,  and  of  the  Adirondack  Iron 
and  Steel  Company  in  accomplishing  the  same  result  at 
Jersey  City  in  1848  and  for  several  years  afterwards,  in  both 
instances  from  raw  materials  of  domestic  production,  proves 
that  this  country  was  long  prevented  from  having  a  credit- 
able crucible-steel  industry  because  the  injurious  eflfects  of 
foreign  competition  were  not  sufficiently  guarded  against  in 
the  framing  of  tariff  legislation.  The  compromise  tariff  of 
1833  closed  the  Cincinnati  steel  works.  The  tariffs  of  1846 
and  1857  gave  no  encouragement  to  our  people  to  engage  in 
the  manufacture  of  crucible  steel.  Even  tiie  manufacture 
of  blister  steel  in  this  country  was  almost  destroyed  by  for- 
eign competition  prior  to  1860.  With  the  establishment  af- 
ter that  year  of  our  crucible-steel  industry  upon  a  firm  basis, 
through  protective  legislation,  there  was  no  need  to  revive  on 
a  large  scale  the  manufacture  of  the  inferior  product,  except 
as  an  adjunct  of  the  manufacture  of  crucible  steel. 

The  production  of  crucible  steel  in  the  United  States 
amounted  to  89,762  net  tons  in  1881,  which  is  the  highest 
annual  product  yet  attained.  As  late  as  1877  the  production 
was  only  40,430  tons,  which  had  not  previously  been  exceeded 
in  any  year.  The  production  of  crucible  steel  in  this  country 
has  been  practically  stationary  for  many  years,  the  failure  of 
this  branch  of  our  steel  industry  to  advance  being  chiefly 
due  to  the  competition  of  open-hearth  steel.  Bessemer  steel 
is  also  a  sharp  competitor.  The  crucible-steel  industry  of 
Great  Britain  and  the  Continent  of  Europe  has  also  made  no 
progress  for  a  number  of  years  and  for  the  same  reasons. 

Dr.  C.  G.  Hussey  was  born  near  York,  Pennsylvania,  in 
August,  1802,  and  was  in  good  health  in  August,  1891. 


CHAPTER   XLV. 
BE   INVENTION   OF  THE   BE8SEMER   PROCESS. 

The  Bessemer  process  for  the  manufacture  of  steel  con- 
sists in  forcing  streams  of  cold  air,  usually  under  a  high 
pressure,  into  a  pear-shaped  vessel  called  a  converter,  which 
has  been  partly  filled  with  melted  cast  iron,  hy  which  opera- 
tion the  oxygen  of  the  air  combines  with  and  eliminates  the 
carbon  and  silicon  in  the  iron,  the  product  being  decarburiz- 
ed  and  desiliconized  iron.  But,  as  some  carbon  is  always  re- 
quired to  produce  steel,  a  definite  quantity  of  manganifer- 
ous  pig  iron  (spiegeleisen)  or  ferro-manganeso  is  added  to  the 
contents  of  the  converter  while  they  are  still  in  a  state  of  fu- 
sion, by  which  addition  the  requisite  amount  of  carbon  is  ob- 
tained, while  the  manganese  combines  with  and  liberates  tlie 
oxygen  that  has  united  with  the  iron  during  the  blast.  The 
product  is  Bessemer  steel,  of  a  quality  or  temper  correspond- 
ing to  the  character  and  proportions  of  the  materials  used. 
A  distinguishiug  feature  of  the  Bessemer  process  consists  in 
the  entire  absence  of  any  fuel  whatever  in  converting  the 
already  melted  csist  iron  into  steel,  the  carbon  and  silicon  in 
the  iron  combining  with  the  oxygen  of  the  atmospheric 
blast  to  produce  an  intensely  high  temperature.  The  Besse- 
mer converter  holds  from  five  to  twenty  tons.  The  charge 
of  cast  iron  which  it  receives  preliminary  to  a  conversion, 
or  blow,  may  be  supplied  directly  from  a  blast  furnace  or 
from  a  cupola  in  which  pig  iron  has  been  melted.  The  latter 
method  is  generally  employed  in  both  Europe  and  the  United 
iStates,  although  the  direct  method  is  employed  at  some  of  the 
large  Bessemer  works  in  our  own  country. 

Sir  Henry  Bessemer,  of  London,  the  generally  accredited 
inventor  of  the  process  which  bears  his  name,  commenced  in 
1854  to  experiment  in  the  manufacture  of  iron  for  an  im- 
proved gun.  "  In  the  course  of  his  experiments,"  says  Mr.  J. 
8.  Jeans,  in  his  comprehensive  work  on  Sfeel,  "it  dawned  up- 
on him  that  cast  iron  miglit  be  rendered  malleable  by  the  in- 
troduction of  atmospheric  air  into  the  fluid  metal."    In  1855 
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and  1856  patents  were  granted  to  Mr.  Bessemer  for  this  dis- 
covery, but  it  was  not  until  1858  that  complete  success  was 
achieved  by  liira  in  the  conversion  of  cast  iron  into  cast  steel. 
Nor  was  this  success  achieved  without  the  assistance  of  oth- 
ers, Robert  Forester  Mushet,  of  Cheltenham,  England,  and 
Goran  Fredrik  Goransson.of  Sandviken,  Sweden,  contributing 
greatly  to  this  result.  Without  the  assistance  rendered  by  Mr. 
Mushet,  of  which  we  sliall  speak  hereafter,  Mr.  Bessemer's  in- 
vention would  not  have  been  of  much  value.  It  may  also 
be  added  that  many  and  valuable  improvements  have  been 
made  in  the  application  of  the  Bessemer  process  since  its 
introduction  in  Europe  and  America,  These  improvements, 
however,  detract  nothing  from  the  honor  that  is  due  to  Sir 
Henry  Bessemer,  since  it  is  true  of  all  valuable  inventions 
that  their  value,  is  increased  by  the  ingenuity  and  skill  of 
those  who  use  them.  In  addition  to  discovering  that  melt- 
ed cast  iron  could  be  decarburized  and  desilieouized  and  ren- 
dered malleable  by  blowing  cold  air  through  it  at  a  high 
pressure,  Sir  Henry  is  entitled  to  the  whole  credit  of  invent- 
ing the  wonderful  machinery  by  which  this  discovery  has 
been  applied  to  the  rapid  production  of  large  ({uantities  of 
Bessemer  steel.  The  purely  engineering  feats  accomplished 
by  him  in  the  development  of  his  invention  were  essential 
to  its  success,  and  they  amaze  us  by  their  novelty  and  mag- 
nitude. Those  who  have  never  seen  this  machinery  iu  op- 
eration can  form  hut  a  faint  idea  of  its  exquisite  adaptation 
to  the  purposes  to  be  accomplished.  A  Bessemer  converter, 
weighing  with  its  contents  from  tweftty  to  forty  tons,  is  moved 
at  will  on  its  axis  by  machinery  controlled  by  the  touch  of 
a  man  or  boy,  and  receives,  in  response  to  the  same  touch, 
a  blast  so  powerful  that  every  particle  of  its  many  tons  o£ 
metallic  contents  is  heated  to  tlie  highest  temperature  ever 
known  in  the  mechanic  arts.  The  honor  of  inventing  thia 
machinery  is  all  claimed  for  Sir  Henry  Bessemer. 

In  1856  Mr.  Bessemer  obtained  in  this  country  two  pat- 
ents for  his  invention,  but  was  immediately  confronted  by  a 
claim  of  priority  of  invention  preferred  by  William  Kelly, 
an  ironmaster  of  Eddyville,  Kentucky,  but  a  native  of  Pitts- 
burgh, Pennsylvania.  This  claim  was  heard  by  the  Commis- 
sioner of  Patents  and  its  justice  was  conceded,  the  Commis- 


Bioiier  granting  to  Mr.  Kelly  a  patent  which  at  onco  operated 
as  an  impediment  to  the  use  of  the  patents  granted  to  Mr.  Bes- 
semer. The  effect  of  this  action  by  the  Conimiasioner  was  to 
prevent  for  several  years  any  serious  effort  from  being  made 
to  introduce  the  Bessemer  process  into  this  country.  As  a 
matter  of  interest  and  of  history  we  liere  give,  before  pro- 
ceeding further,  a  complete  account  of  Mr.  Kelly's  invention, 
prepared  for  these  pages  by  Mr.  Kelly  himself. 

Ill  184<i  I  purfhased.  In  (.■Linneetion  with  my  brother,  John  F.  KoUy.  u 
krp-  iron  property  in  Lyon  county,  Kentucky,  known  bb  the  Eddyville 
iron  works;  and  tlie  IieRinning  of  1S47  fonnd  the  Ann  of  Kelly  &  Co.  fairly 
under  way,  making  jiig  metal  and  char<:oal  hloome.  Our  forge  contained 
ten  foiiie  flt^s  and  two  large  finery,  or  run-out.  Area. 

To  the  procef<Bes  of  mannfat'tmv  I  gave  my  firet  and  moet  serious  at- 
tention ;  and,  after  cloee  observation  and  study,  I  conceived  the  idea  that, 
after  tbe  metal  was  melted,  the  use  of  fiiel  wonli)  be  unnecessary — that  the 
heat  generated  by  the  union  of  tho  osygen  of  the  air  with  the  carbon  of 
the  nietal  would  be  sufficient  to  aeeouiplitih  the  refining  and  decarboniz- 
ing of  the  iron,  I  devised  several  plans  for  testing  this  idea  of  forcing  in- 
to the  fluid  metal  powerfiil  blasts  of  air ;  and,  after  making  drawings  of  the 
same,  showed  them  to  my  forpemen,  not  one  of  whom  could  agree  with  me, 
all  believing  that  I  would  chill  the  metal,  and  that  my  experiment  would 
end  in  fkilore.  I  finally  fixed  on  a  plan  of  furnace  which  1  thought  would 
answer  my  purpose.  This  consiiited  of  a  small  blast  f^imaee,  about  12  feet 
high,  having  a  hearth  and  bosh  !ik9a  common  blast  ibmace.  In  this  I  ex- 
pected to  produce  decarljonizci  metal  from  the  iron  ore  ;  but,  if  I  tailed  in 
this,  I  could  resort  to  \ng  metal  and  thereby  have  good  fluid  metal  to  blow 
into.  The  novelty  of  this  furnace  waa  that  it  had  two  tuyeres,  one  above 
the  other.  The  upper  tuyere  was  to  melt  the  stock ;  the  lower  one  was  fix- 
ed in  the  hearth  near  the  bottom,  and  intended  to  conduct  the  air-blaet  in- 
to the  metal.  That  portion  of  the  beorlh  in  which  the  lower  tuyere  was 
placet]  was  so  arranged  as  to  part  from  the  upper  portion,  and  consisted  of 
a  heavy  caal-iron  draw,  lined  inside  with  flre-brick,  bo  that,  when  the  iron 
was  blown  to  nature  by  the  lower  tuyere,  the  draw  could  be  run  from  under 
the  hearth,  and  the  iron  taken  out,  carried  to  the  liammer,  and  forged. 

1  began  my  experiments  with  this  furnace  in  October,  1847,  but  fbund 
it  iiiipoesible  to  give  it  sufficient  attention,  as  I  hail  then  commenced  to 
build  a  new  blast  fwnai*,  the  Suwannee,  on  our  property.  This  occupied 
so  much  of  my  time  that  I  had  but  little  left  in  which  to  attend  to  my  netr 
process.  In  the  year  I85I,  having  flniahed  our  new  blast  fiimace,  I  foand 
myself  more  at  leisure,  and  again  directed  my  attention  to  my  experiments ; 
and,  on  looking  for  the  cause  of  failure  in  my  ex])erimental  furnace,  found 
that  my  chief  trouble  lay  in  the  melting  dejiartment,  not  in  the  more  im- 
portant matter  of  blowing  into  the  iron,  so  that  the  question  presented  it- 
self to  my  mind.  Why  complicate  my  experiment*  by  trying  to  make  pig 
metal  in  a  furnace  not  at  all  suited  to  tbe  huBiness?  Why  not  aljandou  al- 
together the  melting  depiirlmenl  anil  try  my  experimeniB  at  our  new  blast 
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fiimace,  where  I  txnitd  have  tlie  metal  alreaily  melted  and  in  good  condi- 
tion for  blowing  into?  1  fiilly  believe*!  tliat  I  oiild  make  malleable  iron 
hy  this  procfa.  In  my  hast  efforts  with  thie  object  in  view  I  bnilt  a  ftimace 
cottgiatiiig  of  a  square  brick  abutment,  having  a.  circular  cliamber  inside, 
the  bottom  of  which  was  concave  like  a  moulder's  btdle.  In  the  bottom 
was  fixed  a  circular  tile  of  fire-clay,  perforate!  for  tuyeres.  I'nder  this  tile 
was  an  air-chamber,  connected  by  pipes  with  the  blowing  en^e.  Hue  is 
Rnbetantially  the  plan  now  uaed  in  the  BeEwemer  converter. 

The  flret  trial  of  this  furnace  was  very  Hatia&ctory.  The  iron  was  well 
refined  and  decarbonized— at  least  as  well  as  by  the  finery  fire.  This  £ict 
was  admitted  by  all  the  forgeinen  who  examined  it.  The  blowing  was  nsn- 
ally  continued  from  five  to  ten  minutes,  whereas  the  finery  fire  required 
over  an  hour.  Here  was  a  great  saving  of  time  and  fbcl,  as  well  as  great 
encouragement  to  work  the  process  out  to  perfection.  I  was  not  satisfied 
with  making  refined  or  mn-out  metal ;  my  object  was  to  make  malleable 
iron.  In  attempting  this  1  made,  in  the  oouree  of  the  following  eighteen 
months,  a  variety  of  experiments.  I  built  a  suitable  hot-blast  oven ;  but, 
after  a  few  trials,  abandoned  it,  finding  tlie  cold-blast  preferable,  for  many 
reasons.  After  numerous  trials  of  this  furnace  I  found  tliat  I  could  make 
refined  metal,  suitable  for  the  charcoal  forge  fire,  without  any  difficulty, 
and,  when  the  blast  was  continued  for  a  longer  period,  the  iron  would  oc- 
casionally be  somewhat  malleable.  At  one  time,  on  trying  the  iron,  to  my 
great  aurprise,  I  found  the  iron  would  forge  well,  and  it  was  pronounced  as 
good  as  any  charcoal  for^  iron.  I  had  a  piece  of  this  iron  forged  into  a  bar 
four  feet  long  and  three-eighths  of  an  inch  square.  I  kept  this  bar  for  exhi- 
bition, and  was  frequently  asked  for  a  small  piece,  which  I  readily  gave  nn- 
til  it  was  reduced  to  a  length  of  a  few  inches.  This  piece  I  ha\-e  still  in 
my  possession.  It  is  the  first  piece  of  nmlleable  iron  or  at«el  ever  made  by 
the  pneumatic  process.  The  variability  of  results  in  the  working  of  my  ex- 
perimental fiimace  was  then  a  mystery  which  is  now  explained.  An  anal- 
ysis having  since  l>een  made  of  all  the  ore  deposits  of  Suwannee  fhrnsce 
they  were  found  to  embrace  cold-short,  red-fihort,  and  neutral  ores.  Some 
of  the  deposits  showed  s  laige  percentage  of  manganese. 

I  now  decided  tliat,  if  I  could  not  succeed  in  making  malleable  iron,  I 
could  turn  my  invention  to  practical  account  by  putting  up  a  furnace  of  suf- 
ficient capacity  to  supply  our  forge  with  refined  or  run-out  metal,  and  at  the 
same  time  continue  my  experiments  as  before.  The  difiiculty  here  was  in 
ray  blast.  The  fumaca  engine,  though  large  and  powerfiil,  would  not  give 
over  5  pounds'  pressure  to  the  square  inch.  To  overcome  this  difficulty  1 
boilt  a  converting  vessel  and  placed  it  in  the  pig-bed  convenient  to  the  tap- 
ping-hole of  the  hearth.  This  fhmace  was  circular,  built  of  boiler-plate 
iron,  was  about  5  feet  high  and  18  inches  inside  diameter ;  and,  instead  of 
blowing  up  through  the  bottom,  the  blast  was  applied  to  the  side.'),  above 
the  bottom,  through  four  three-quarter-inch  tuyeres.  Experience  Boon 
proved  that  a  single  tuyere,  an  inch  in  diameter,  answered  my  purpose 
beet.  In  this  vessel  I  could  reSne  llfteen  hundredweight  of  metsl  tn  from 
five  to  ten  minutes.  Should  the  blast  prove  weak,  as  was  often  the  case, 
tlie  tuyeres  coulil  be  snuRed  in  the  same  way  as  in  a  finery  fire.  In  this 
way  a  heavy  charge  could  be  worked  with  a  weak  blast  This  furnace  had 
im  opening  in  the  side,  about  nine  inches  square,  tliree  feet  from  the  liot- 
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torn,  to  ran  in  the  metsl ;  nleo  a  Up-hole  to  let  out  tlie  nit^tal  into  a  set  of 
iron  moulds  such  as  are  used  about  flnerj'  fires.  This  fumade  was  fouml  to 
answer  a  valuahle  purpose,  eupplying  a  cheap  luethml  of  making  run-out 
metal,  atut,  after  trying  it  a  few  days,  we  enti^ly  dispensed  with  the  old 
and  troublesome  run-out  fires. 

Our  blooms  were  in  high  repute,  and  were  almost  entirely  used  for 
making  boiler  plat«s,  so  that  many  steamboats  on  the  Ohio  and  Mieeissippi 
rivers  were  using  boilers  made  of  iron  treated  by  this  process  some  years 
before  it  was  brought  out  in  England.  My  procesB  was  known  to  every 
iron-maker  in  the  Cumberland  river  iron  district  as  Kelly's  air-boiling  proe- 
eSB.  The  reason  why  I  did  not  apply  for  a  patent  for  it  sooner  than  I  did 
was  that  I  fluttered  myeelf  I  would  soon  make  it  the  successful  process  I  at 
first  endeavored!  to  achieve,  namely,  a  process  for  making  malleable  iron 
and  steel.  In  1857  I  applied  for  a  patent,  as  soon  as  I  heard  that  other  men 
were  following  the  same  line  of  experiments  in  England ;  and,  although 
Mr.  Be«8emer  was  a  few  days  before  me  in  obtaining  a  patent,  I  was  grant- 
ed an  interference,  and  the  case  was  heard  by  the  Coramissioner  of  Patents, 
who  decided  that  I  wns  the  first  inventor  of  this  process,  now  known  as  the 
Bessemer  process,  and  a  patent  was  granted  me  over  Mr.  BeBsemer. 

It  will  be  seen  that  Mr.  Kelly  claims  for  himself  the  dis- 
covery of  the  pneumatic  principle  of  the  Bessemer  process 
several  years  before  it  dawned  upon  the  mind  of  Mr.  Besse- 
mer. The  validity  of  this  claim  can  not  be  impeached.  But 
it  must  also  be  said  that  Mr.  Bessemer,  with  the  aid  of  Mr. 
Mushet,  successfully  employed  this  principle  in  the  produc- 
tion of  steel  and  that  Mr.  Kelly  did  not.  The  Kelly  process 
produced  refined  iron  of  good  quality.  Furthermore,  the  ma- 
chinery with  which  Mr.  Kelly  operated  his  process  was  not 
calculated  to  produce  rapidly  or  at  all  large  masses  of  even 
refined  iron;  whereas  \rr.  Bessemer's  machinery  was  successful 
after  it  was  perfected  in  producing  steel  in  large  quantities 
and  with  great  rapidity. 

Mr.  Kelly  claimed  that  his  process,  if  successful  in  con- 
nection with  the  limited  operations  of  the  refinery  forge  at- 
tached to  his  blast  furnace  at  Eddyville,  would  be  applicable 
also  to  the  refining  of  irou  for  rolling  mills,  and  would  take 
the  place  of  puddling.  Some  experiments  with  this  end  in 
view  were  made  at  the  Cambria  iron  works,  at  Johnstown, 
Pennsylvania,  in  1857  and  1858,  in  a  converting  vessel  simi- 
lar to  that  now  used  in  the  Bessemer  process.  They  were  so 
far  successful  that  Mr.  Kelly  wrote  from  Johnstown  on  the 
29th  of  June,  1858,  that  he  had  not  "  the  slightest  difficulty 
in  converting  crude  pig  iron  into  refined  plate  metal  by  blow- 
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ing  into  it  for  aboat  fifteen  to  twenty-fire  minut«s."  These 
experiments  were  not,  liowever,  continned.  Mr.  Robert  W. 
Hunt,  in  liis  Hixfory  of  the  Bessemer  Manvfadure  in  Amerun. 
read  before  the  American  Institute  of  Mining  Engineers  in 
1876,  s&YS  that  at  Johnstown  Mr.  Kelly  "  met  with  the  usual 
number  of  encouraging  failures."  The  converting  vessel  used 
by  Mr.  Kelly  at  Johnstown  was  built  by  himself.  Mr.  Hunt 
says  that  it  was  "  the  tirst  Bessemer  converter  ever  erected  in 
America."    We  give  this  honor  to  the  Eddyville  converter. 

Mr.  Bessemer's  process  having  failed  in  1855  and  1S56 
to  produce  any  successful  result  in  the  manufacture  of  steel, 
Robert  F.  Mushet,  then  of  the  Forest  steel  works,  and  late  of 
Cheltenham,  England,  on  the  22d  of  September,  1856,  took 
out  a  patent  for  his  process  of  adding  to  melted  cast  iron, 
which  had  been  decarburized  and  desiliconized  by  a  pneu- 
matic blast,  a  melted  triple  compound  of  iron,  carbon,  and 
manganese,  of  which  compound  spiegeleisen  was  the  cheap- 
est and  most  convenient  form.  The  addition  of  from  one  to 
live  per  cent,  of  this  compound  to  the  cast  iron  mentioned  at 
once  overcame  the  obstacle  which  had  been  fatal  to  the  suc- 
cess of  Mr,  Bessemer's  invention.  Mr.  Bessemer  had  decar- 
burized and  desiliconized  melted  cast  iron,  but  he  had  not 
been  able  to  retain  or  restore  the  small  quantity  of  carbon 
that  fl-as  necessary  to  produce  steel,  and  in  the  oxygen  of 
his  powerful  blast  he  had  given  to  the  contents  of  his  con- 
verter an  element  which  prevented  the  production  of  even 
good  iron.  Mr.  Mushet's  invention  regulated -the  supply  of 
carbon  and  eliminated  the  oxygen.  It  must  be  added  that, 
even  with  the  assistance  of  Mr.  Mushet's  invention,  only  pig 
iron  which  is  practically  free  from  phosphorus  was  found  to 
be  adapted  to  the  Bessemer  process  as  it  was  originally  em- 
ployed. The  basic  modification  of  the  Bessemer  process,  an 
invention  of  later  years,  i>ermits  the  use  of  pig  iron  that  is 
high  in  phosphorus. 

Early  in  1857,  pending  the  publication  of  Mr.  Mushet's 
pateilt,  and  during  the  erection  for  him  of  a  blowing  appara- 
tus and  small  converter,  provided  by  the  late  Samuel  Holdeu 
Blackwell,  <fi  Dudley,  Mr.  Mushet  obtained  from  the  Ebbw 
Vale  Iron  Company  a  supply  of  Beasemerized  hematite  cast 
iron.     This  he  melted  in  crucible-steel  melting  pots,  adding 
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to  the  forty-four  pounds'  charge  of  each  pot,  when  melted, 
two  pounds  of  melted  spiegeleisen.  From  this  mixture  in^ 
gota  of  from  500  to  800  pounds  were  cast,  and  one  of  these 
ingots  was  rolled  at  tlie  Ebbw  Vale  works  into  a  double- 
headed  rail,  which  was  sent  to  Derby  railway  station,  on  the 
Midland  Railroad,  to  be  laid  down  there  at  a  place  where 
iron  rails  had  sometimes  to  be  renewed  within  three  months. 
This  was  early  in  1857.  Sixteen  years  afterwards,  in  June, 
1873,  the  rail  referred  to  was  taken  out.  This  was  the  first 
Bessemer  skcl  rail  ever  laid  doiim.  During  its  lifetime  about 
1,250,000  trains  and  a  like  number  of  detached  engines  and 
tenders  passed  over  it. 

Having  obtained  the  blowing  apparatus  and  converter 
already  mentioned  Mr.  Mushet  was  enabled  in  1857  to  cast 
small  ingots  of  tool  steel  by  the  direct  Bessemer  process  with 
the  addition  of  spiegeleisen  by  his  own  process.  The  first 
charge  of  Bessemer  steel  ever  made  with  the  addition  of  spie- 
geleisen was  tapped  from  the  small  converter  at  Mr.  Mush- 
et's  Forest  steel  works  by  a  young  workman,  William  Phelps. 
Soon  aft-erwards  Bessemer  steel  was  produced  in  England  in 
commercial  quantities  by  Mr.  Bessemer  and  his  business  as- 
aoeiat«s. 

At  the  international  meeting  of  the  Iron  and  Steel  Insti- 
tute of  Great  Britain,  the  Verein  deulscher  Eisenhutlenteute,  and 
the  American  Institute  of  Mining  Engineers,  held  in  the 
hall  of  the  Carnegie  Library  in  Allegheny  City,  Pennsylva- 
nia, in  October,  1890,  Sir  James  Kitson,  president  of  the 
British  Institute,  delivered  the  opening  address.  In  his  re- 
marks Sir  James  said  that  Sir  Henry  Bessemer  had  prepar- 
ed, at  his  request,  an  account  of  his  discovery  of  the  proc- 
ess of  manufacturing  Bessemer  steel.  A  letter  in  Sir  Henry 
Bessemer's  own  handwriting  was  then  read.  The  letter  is 
dated  at  Denmark  Hill,  September  10,1890,  and  is  addressed 
to  Sir  James  Kitson.  As  a  history  of  the  successive  steps 
by  which  Sir  Henry's  great  invention  was  developed  and 
perfected  it  is  very  disappointing.  We  look  in  vain,  for  in- 
stance, in  its  elaborate  and  detailed  statements  for  any  rec- 
ognition whatever  of  Mr.  Mushet's  invaluable  aid  in  perfect- 
ing the  Bessemer  process;  even  Mr.  Mushet's  name  is  not 
mentioned. 
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Mr.  Bessemer's  first  public  account  of  his  invention  was 
read  by  him  at  the  annual  meeting  of  the  British  Associa* 
tion  for  the  Advancement  of  Science,  held  at  Cheltenham, 
in  August,  1856.  It  was  entitled:  "On  the  Manufacture  of 
Malleable  Iron  and  Steel  without  Fuel"  His  first  EngHsh 
patent  in  connection  with  his  great  invention  was  granted 
on  October  17j  1855,  The  paper  read  at  Cheltenham  in  1856 
is  clear  and  satisfactory. 

Mr.  Mushet's  English  patent  for  the  use  of  spiegeleisen  as 
a  recarburizer  was  permitted  to  lapse  because  of  his  poverty 
and  other  causes  which  he  could  not  control  and  before  lie 
had  received  any  pecuniary  benefit  fi-om  his  invention.  Mr. 
Mushet  says  of  this  turning  point  in  his  life:  "So  my  proc- 
ess became  public  property,  and  Mr.  Bessemer  had  a  perfect 
right  to  make  use  of  it,  and  his  prosperity  dated  from  that 
period,"  Mr.  Bessemer  afterwards  recognized  his  indebtedness 
to  Mr.  Mushet's  invention  by  allowing  him  an  annuity  of 
£300,  and  the  Iron  and  Steel  Institute  of  Great  Britain  in 
1876  awarded  to  him  the  Bessemer  gold  medal  for  that  year 
in  recognition  of  the  great  value  of  his  invention,  Mr,  Bes- 
seraer's  profits  from  hia  own  invention  have  been  enormous. 
In  1879  Mr.  Jeans  said  that  "from  first  to  last  Bessemer'e 
patents  have  brought  him  royalties  to  the  value  of  over 
Xl,057,O00,"  Mr.  Jeans  also  gives  some  interesting  particu- 
lars concerning  the  profits  of  the  first  comi)any  that  was  or- 
ganized in  England  to  work  the  Bessemer  process.  Mr.  Be»- 
semer  was  the  projector  of  this  company  and  a  member  of 
it,  his  associates  being  his  earlier  partner,  Mr.  Robert  Longs- 
don,  his  brother-in-law,  Mr.  Allen,  and  William  and  John  Gal- 
loway of  Manchester.  Tlie  works  were  located  at  Sheffield. 
Mr.  Jeans'  statement  is  as  follows.  It  is  confirmed  in  the 
letter  of  Sir  Henry  Bessemer,  dated  September  10,  1890. 

On  the  expiration  of  tlie  fourteen  years'  lenn  of  jmrtneiship  of  tlita 
fimi,  the  n'orks,  which  had  been  gtreatty  iDcreased  from  time  to  time,  en- 
tirely out  of  revenues,  were  aold  by  private  contract  for  exactly  twenty-four 
ount  of  the  whole  subscribed  capital,  notwithiitanding  that  the 
firm  had  diiided  in  profits  during  the  partnerahip  a  sum  equal  to  fifty-*ev- 
ttic  groen  capital,  so  that  by  the  mere  commercial  working  of  th« 
proceae.  apart  from  the  patent,  each  of  the  five  partnere  retired,  after  four- 
teen years,  from  the  Shelfield  works  with  eighty-one  times  the  amuant  of 
Ilia  sabBi'ribeil  capital,  or  an  average  of  nearly  cent,  jier  cent,  every  two 
months — a  result  pnibably  unprecedented  in  the  annuls  of 
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With  the  exception  of  ttie  annuity  and  the  gold  medal 
mentioned  above  Mr.  Mushet's  profits  and  honors  from  his 
great  invention  have  been  inconsiderable.  He  lived  and  died 
a  poor  man.  In  a  monograph  which  he  print-ed  in  1883  in 
advocacy  of  his  own  claims  to  recognition  as  an  inventor  of 
the  process  which  should  rightly  be  called  the  Bessemer- 
Mushet  process  he  makes  the  following  pathetic  complaint 
of  the  ingratitude  of  his  countrymen. 

My  invention  and  Sir  Henry  Bessemer'a  have  made  a  gtt.'at  mark  in 
the  world,  a  very  great  mark  indtied ;  bo  great  that  I  have  eometimee 
tbouglit  tbat  the  Iron  and  Steel  Institute  might  have  made  me  an  honorary 
member  and  the  Royal  Society  an  F,  R.  S.,  or  that  Her  Gracious  Miyestf 
might  have  revived  my  nnceBtots'  title  of  knights  banneret,  which  wae  foi^ 
felted  during  the  rebellion  of  Montrose.  At  all  events  the  vast  industry 
of  steel  makers,  including  bis  Grace  the  Duke  of  Devonshire,  who  geta 
£\2fiO0  per  annum  out  of  my  little  procees,  might  at  least  accord  me  a 
vote  of  thanks  for  the  we-alth  my  invention  baa  brought  to  them.  I  should 
value  any  of  theee  honors  very  much,  as  I  have  valued  the  gold  medal  so 
kindly  presented  to  me  by  the  Iron  and  Steel  Institute  and  Sir  Uenry  Bes- 
aemer  in  1870. 

In  looking  back  twenty-six  years,  to  the  time  when  Mr.  Beasemer's 
process  and  mine  were  made  the  subject  of  patents,  I  may  observe  that 
the  loes  of  my  patent,  through  the  inconceivable  neglect  of  the  trustees  in 
whose  hands  it  was  i^laced,  left  me  without  any  shiire  in  the  enormons 
royalties  reajied  from  the  success  of  our  joint  processes.  In  consequence 
of  this  the  world,  true  to  itself,  has  done  its  best  to  ignore  me  and  my 
process.    The  world  shuns  the  man  who  does  not  get  the  money. 

Like  the  majority  of  inventors,  I  have  benefited  otliera  hut  not  my- 
self, and  I  have  been  very  hardly  dealt  with,  as  much  so,  perhaps,  as  any 
inventor  has  ever  yet  Iteen ;  but  I  have  accepted  it  all  cheerfully  and 
without  repining,  though  I  have  at\ea  felt  sorry  for  thow  who.  In  their 
dealings  with  me,  forsook  the  paths  of  honor  and  integrity  and  took  an 
unworthy  advantage  of  me. 

Mr.  C.  I,  Valentine,  of  the  Moss  Bay  Iron  Company,  is  the  only  mem- 
ber of  the  iron  trade  from  whom  since  the  lose  of  my  patent  I  ever  re- 
ceived either  kindness  or  sympathy ;  and  Mr.  Samuel  Osbom,  of  the  Clyde 
Steel  Works,  is  the  only  steel  manufiicturer  who  has  dealt  honorably  and 
kindly  with  me :  and  to  both  these  gentlemen,  and  their  respective  firms,  ^ 
I  tender  thus  publicly  my  sincere  thanks.  I  do  not,  of  course,  class  Sir 
Henry  Bessemer  as  a  steel  manufacturer,  but  as  an  inventor,  who  has 
called  into  successful  activity  a  great  many  steel  manu&cturere.  For  what 
he  has  kindly  done  for  me  I  thank  hhn  also  very  much. 

The  British  Government  lias  conferred  upon  Mr,  Besse- 
mer the  honor  of  knighthood  in  recognition  of  the  value  of 
his  invention  of  an  official  stamp,  and  he  is  now  Sir  Henry 
Bessemer  by  virtue  of  that  honor. 
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III  IKaS  Mr.  Gonm  Fradrik  GoraDascin.  a  SwedisL  iron- 
laaswrT-  "wa^  ensibl^  I'j  nsmg  pure  uiiLngantiBic  Swi-diaL  y\£ 
iron  Vj  produce  Bessemer  steel  erf  eic^ein  qmtiirr  mUmiw 
oddiurj  ^tUxjff^^tiifeh,  iLe  iron  used  beiiig  T»racrtieiiI]T  iree  ±roni 
phospLomfe  and  «uJ}»LTir  tm  liaTmg  iLe  rwnisite  i^erttemuxs- 
of  maiigaiiefcfe.  Exoepi  Id  rare  mstaDCiefe,  vLen  3»iirt  TTimigb- 
uesic  pig  iron  can  be  oT>xain«2.  Mr.  MusLtn'f  jirw^eas-  sdl  i::rL- 
tinues  v>  be  absoluurlv  esseniiai  Vj  iLe  inamiiiicciire  cc  iitssfr 
mer  &MiL  We  give  below  Mr.  GonmssKin**^  c»vn  uf.ccniii;  of 
the  important  part  taken  by  him  in  the  derelciiimeir:  en  -xlit 
Be&isem^T  prooefcCj  vLicb  account,  in  bis  o-im  Landwrhniii;,  i^ 
now  in  our  jx«se&sion-  Tliis  acjoc»unt  va«  giT^n  tc*  I^rod'eascr 
Richard  Akerman.  of  Stockholm,  who  had  at  c«nT  reioues:  hi 
1ST9  widreseed  a  letter  to  Mr.  Goranason  requesdnp  l  suuif- 
ment  of  the  fact£  which  are  of  such  great  hist^»Tical  xiJut. 

Veae.  fcis :  Is  <rjiiformhv  v.*  vc «ar  frif D^ilr  lt««-  erf"  Tubt  Zi6.  insctin  1 
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wiU  tr>'  to  giv^  yc/a  in  ErijrlifL  a  bhon  hkeuh  of  Tht  di^iTihus-  2  iiski  m 
cr/UixuexK.'in^  w3tb  tLe  BeuKfiXier  XDetL<>i  and  how  I  fit  Iwt  (•vertamfte  'UiezL. 
My  fuJJ  nMBjff:  2h  Oonm  Frwirik  G<'nmflK:»iL  I  l»ciaciii  jian  cd"  ttit  f^v»3- 
ihb  BeH^zijer  paU'&t  in  Jisoe.  1n57.  siiter  a  oosvczsKtscoi  idtli.  ibeiXL  Iflr.  B«b- 
ry  BeHHeiLter,  and  on  Lis  prr^miae  th^  lie  wctuld  aixftzi^  Tht  sanesuTT  jiiiait 
and  Bend  over  an  eogjoeer  f>r  tftartiug  the  mazinfaci&iiv  izi  *«-.cirdfizi;it  'vn^ 

Jii  *.L<r  autTiiijn  \j:  wriit  over  hir  j-laiit,  rjiiLie:y.  a  conTer.tr  ■  -f  U?-  r  t- 

of  Miii^clAVi^r.  a«xr'rjiijan:ed  by  aii  en^lijeer  f.-r  oi'ii-i^.^nr  ii»r  ta"  ::ia;^> 
ure.  We  rt^irur^i  in  Noveinl^r.  but  we  j^x-Li  f.^THii  iLii  ibr  c^"-*  vtir.<-T  "•** 
;njj.'ra^"ti<.:ab]e.  0Jflk-u3i  to  liandie.  nn-i  if-v::.;:  i.:.  jr-..>i  resn]!-  Wr  ibr^  .-:c- 
htni^'ti.-^i  a  fix'.i'l  '•'inverter  oii  tLe  laaiJie  j-rifi-ij/je  as  the  sniill  ^ei  itisr^tl 
wLi'h  Mr.  Ii«.-»#eujer  u-<.'rfi  f.-r  hi-  finft  exj»erliijvn:r  i.:  Earur  H  :«u««e..  iz.  L»:-t- 
d'/i;.  but.  iv-i'ijT^yui'z  Uj  Mr.  l>.-»^A-riierh  a'ivxv.  with  two  iv-ws  v«f  "MiTert^  ?ix  in 
<ra/'ij  row,  the  lower  r^^w  at  th»r  lyttoiii  «^f  lL».-  o.i:ven«rr  an-i  \hv  c-lit-r  *»  cjt 
iur\.*-n  a*/jve :  bi;l  the  rewTjlt  wa^r  not  t!*>*--  Mr.  lie5S^-ii:er  tLen  aiTi5*-i  u* 
to  a'i^rij<-rit  the  j>n.T>Tirt'  of  the  bla^.  and  to  elfe-.t  tb>  we  :*:«:'k  sway  ib* 
uj'jM-'r  tuyeres?  and  U-str*!  only  the  six  ia-Iow.  eoi-h  a]<»iit  fiv€*-ei^ht^i5  c»f  an 
in^h  in  -lianjeter.  and  we  then  H^njetime*  pj^tifeviei,  lariicTiiarly  durir^:  the 
<:old.  dry,  winter  <iayt.  in  jrettin;/  njuilli.-:ibl./  inp-t*?,  but  very  irreguliJ  and 
i£t'nt:raAy  full  of  hla^.  The  engineer.  n'>t  knowing  anytliing  mow  Thar  my- 
Hrlf.  th«-ii  left  the  works. 

\V«-  tr:«.-d  ever>'  jmj^WAc  nieans  ^if  auirmentinj:  the  I'reaFore  of  ihr  Mast 
by  r*du<inj:  the  dianietcr  of  the  tuvere?  and  urtn;:  smaller  ohan;:^^.  as  we 
had  n-a^hed  the  limit  of  the  j»re.-*-ure  which  could  l>e  proluced  by  the  biaft 
en;rine,  but  all  with  le.-i?  and  lo.r  f'U«<.vj'>,  and.  on  the  i«oinl  of  giving  \i\*  the 
exj/^-rinientK  I  n*holve*l,  in  Hpite  of  all  advisers,  to  diminifh  the  prvssun?  and 
inhtead  w¥:  a  larger  quantity  of  air.    For  ihi*;  purpose  we  put  all  the  twelve 
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tuyeree  in  one  line  at  the  bottom  of  the  converter,  and  aufrmented  the  diam- 
eter of  Ihem  to  seven-eighUiB  of  an  inch,  to  see  what  change  they  would 
produre.  The  result  was  astonishing.  The  temperature  of  the  fluid  steel  was 
very  much  raised,  the  slag  came  up  on  the  top  hoautifully,  the  ingots  turned 
out  perfertly  even  in  temper,  (Vee  from  d^,  and  extremely  malleable,  more 
BO  than  any  iron  made  on  the  old  proceBs.  The  first  charge  with  the  con- 
verter so  arranged  wae  made  on  the  ISth  of  July,  1S5S,  and  from  that  date 
the  Bessemer  method  can  l>e  regarded  aa  started. 

I  sent  fifteen  tons  of  ingots  to  a  Brm  in  Sheffield  and  fifteen  tons  to 
Messrs.  Henry  Befflemer  &  Co.'s  works  at  the  same  plaee,  and  went  over  to 
England  in  September  to  have  them  tried.  1  found  then  that  Mr.  Bessemer 
had  not  succeeded,  but  had  to  granulate  in  water  the  steel  he  got  from  the 
converter  and  afterwards  remelt  it  in  crucibles.  As  such  a  prot'esH  eould  not 
give  any  profit  the  friends  who  assisted  him  were  losing  all  hope  of  success, 
tjut  they  all  came  down  to  Sheffleld  to  see  my  ingots  tried  before  they  final- 
ly gave  up  this  business.  The  Sheilield  firm,  thinking  it  their  interest  not 
to  forward  the  Bessemer  melhod,  got  the  whole  lot  burnt  at  the  washweld- 
ittg,  but  the  fifteen  tons  hammered  and  tilted  at  Messrs.  Henry  Bessemer  & 
Co.'s  works  tnmert  out  to  full  satisfiiction  after  having  been  tried  for  knives, 
scissors,  razors,  other  tools,  and  plates. 

The  result  of  these  trials  has  led  to  the  further  improvement  and  to 
the  present  extension  of  the  Bessemer  process,  for  which  Mr.  Bessemer  and 
othere  have  done  much,  but  Professor  Viktor  Eggertz'e  practical  invention 
to  find  out  the  percentage  of  carbon  in  the  steel  has  overcome  the  great- 
est difficulty  then  remaining.    Faithflilly  Yours,  G.  F.  GoiUNssos. 

Sanuvikkss  Jernvekks,  Aktie  BoL.io,  S.*SDViKB.-i,  November  6,  18T9. 

An  important  iraproveraent  upon  the  Bessemer  process  is 
the  work  of  two  English  chemists,  Sidney  Gilchrist  Thomas 
and  Percy  C.  Gilchrist,  both  of  London.  It  renders  possi- 
ble the  use  in  the  converter  of  cast  iron  which  contains  a 
large  percentage  of  phosphorus,  no  method  of  eliminating 
from  if  this  hostile  element  having  previously  been  in  use. 
The  first  patent  of  Mr.  Thomas,  the  principal  inventor  of  this 
successful  method  of  dephosphorizing  iron,  is  dated  Novem- 
ber 22,  1877,  and  relates  to  the  application  of  a  lime  lining 
to  the  Bessemer  converter  and  to  the  use  of  lime  in  combina- 
tion with  its  melted  contents.  The  Thomas-Gilchrist  process 
is  now  employed  witii  success  in  the  manufacture  of  Besse- 
mer steel  in  Great  Britain,  France,  Germany,  Austria,  Bel- 
gium, and  Russia,  but  it  has  met  with  the  greatest  favor  in 
Germany,  It  has  been  introduced  in  this  country  in  con- 
nection with  the  Bessemer  process,  but  only  in  a  small  way. 

Mr,  George  J.  Snelus,  of  England,  claims  to  have  solved 
the  problem  of  dephosphorization  in  the  same  way  that 
Thomas  and  Gilchrist  solved  it,  and  some  time  before  their 
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attention  was  tamed  to  the  sobject.  His  inreotitm  was  pat- 
ented in  1872.  A  consolidation  of  his  interests  with  those 
of  Thomas  and  Gilchrist  was  effected  without  difficulty. 
Hr.  Jacob  Beese,  of  Ptttsborgfa,  PennsjtTania,  also  claims  pri- 
oiitT  over  Measrs.  Tbomaa  and  Gilchrist  in  the  inTention  of 
the  basic  process,  and  this  claim  was  long  a  snbject  of  con- 
troversT  in  the  United  StatesL  It  rests  upon  patents  which 
were  granted  to  &[r.  Reese  in  tliis  coontiy  in  18<66.  These 
patents  and  the  Thomas^iichrist  patents  were  purchased  in 
1879  for  this  country  by  the  Bessemer  Steel  Company  Lim- 
ited, but  controversy  concerning  the  exact  scope  and  signifi- 
cance of  Mr.  Reese's  patents  did  not  end  undl  1888,  when  the 
ownership  of  all  the  patents  for  the  United  States  was  finally 
vested  in  the  company  mentioned. 

Mr.  James  Henderson,  of  New  York  city,  made  many  in- 
teresting experiments  in  the  use  of  lime  as  a  dephosphorizer 
before  Mr.  Snelus  had  conceived  that  it  could  accomplish  this 
result.  Mr.  Henderson  took  out  a  patent  in  England  for  his 
invention  in  1870,  and  his  process  was  used  with  satisfactory 
results  at  Du  Motay's  experimental  works  in  Belgium  in  the 
summer  of  1872.  The  pig  iron  which  was  dephosphorized 
and  converted  was  obtained  at  the  Bowling  works,  in  Eng- 
land. 

Colonel  J.  E.  Kunkel,  of  Frederick  county,  Maryland,  took 
out  letters-patent  in  the  United  States  in  1876  for  the  elimi- 
nation of  phosphorus  from  pig  iron  by  the  use  of  magne- 
sian  limestone  in  the  blast  furnace.  He  also  claimed  that 
by  the  use  of  tliis  agent  pig  iron  could  be  freed  from  phos- 
phorus while  being  refined  into  iron  or  steeL  No  notable 
results  appear  to  have  attended  the  granting  of  this  patent. 

The  Clapp-Griffitha  and  Robert-Bessemer  processes  for  the 
manufacture  of  Bessemer  steel  are  recent  modifications  of 
the  standard  Bessemer  process  which  need  not  be  described 
in  tliese  pages.  They  are  in  limited  use  in  Europe  and  the 
United  States.  Both  are  slow  processes,  and  tliey  are  used 
to  secure  special  products.  As  in  the  standard  process  the 
pneumatic  principle  is  an  essential  adjunct  of  both  these 
minor  processes.  Neither  process  appears  to  be  growing  in 
favor  either  in  this  country  or  in  Europe.  Nor  have  we 
deemed  it  necessary   to  devote  any   part  of   our  space   to  ft 
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consideration  of  the  experiments  about  1855  of  Josepli  Gil- 
bert Martien,  of  Newark,  New  Jersey,  in  refining  melted  cast 
iron  by  the  uae  of  a  blast  of  cold  air.  They  were  not  suc- 
cessful in  producing  any  practical  results.  They  are  inter- 
esting simply  because  they  show  that  Martien,  as  well  as 
Kelly,  undertook  to  refine  melted  cast  iron  with  a  cold  blast 
before  Bessemer  set  out  to  accomplish  the  same  result.  The 
following  letter  from  Mr,  Martien  to  Messre.  Munn  &  Co.,  of 
New  York,  the  well-known  patent  agents,  written  in  1857,  is 
of  interest  in  this  comiectlon. 

MstsiiH,  Mi-SN  A  Co.,  AVic  York. 

Gentlsukk  :  Relative  to  the  claims  of  William  Kelly,  of  Lyon  county, 
Kentocky,  and  myself  to  certftin  improvemeuts  in  tlie  raanufactare  of  iron 
without  the  use  of  fuel,  I  lake  tliis  ociasion  of  informing  you  and  the  pub- 
lic generally  that  agreeahly  to  ap|x)intment  for  the  examination  of  vari- 
OUB  witnereos  in  the  above  case  for  priority  of  invention  between  taya^ 
and  Mr.  Kelly  I  have  found  and  have  been  made  perfectly  aatiafled  from 
the  ample  testimony  laid  before  uie  iu  the  I'ase  that  Mr.  Kelly  is  hon- 
estly the  first  and  original  inventor  of  the  said  proi^cse  of  manufiicturing 
iron  without  fuel.  I  find,  moreover,  that  he  baa  quietly  been  and  ia  mak- 
ing improvements  and  advancing  with  his  invention  in  a  very  praise- 
worthy manner,  and  of  wtiich  the  public  will  be  put  in  possession  in  a 
short  time.  I  liave  therefore  deemed  it  a  duty  tliat  I  owe  to  myself  and 
the  original  inventor  to  come  out  and  publicly  state  the  above  facts  and 
thereby  give  publicity  to  the  same,  trusting  he  may  receive  the  due 
honour  therefor  and  be  richly  rewarded  for  his  genius. 

Respectfully,       J.  G.  Martikjj. 

Newark,  Nbw  Jebsev,  May  29, 1S5". 

The  establishment  of  the  Bessemer  steel  industry  in  many 
countries  is  justly  regarded  as  constituting  a  much  more 
important  revolution  in  the  production  and  use  of  iron  and 
steel  than  had  been  created  by  any  preceding  influence  or 
combination  of  influences  in  any  age  of  the  world's  history. 
And  yet  this  great  industry  did  not  for  many  years  after  it 
was  established  in  Europe  attract  the  attention  eitlier  on  that 
continent  or  on  this  which  its  importance  deserved.  In  hia 
report  on  the  Paris  Exposition  of  1867  the  Hon,  Abram  S, 
Hewitt  said ;  "  In  view  of  the  small  amount  of  Bessemer  steel 
as  yet  produced  in  the  United  States  we  are  struck  in  Europe 
with  surprise  at  the  enormous  provision  made  for  its  supply ; 
and  it  is  quite  evident  that  the  business  is  overdone,  and, 
contrary  to  all  past  experience,  the  inventor  and  tlie  public 
at  large  seem  to  have  profited  by  its  introduction  at  the  ex- 
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pense  of  ttie  maniifactarer."    Since  Mr.  Hern:**  ^izzir&ble 

report  was  written  Low  great  Las  beien  liit  i^T^^jCCdSH  in 
Europe  of  an  industry  which  was  then  "  OTeM<«fr-~  Ar>i  htjw 
great  }iave  been  the  profits  of  tlie  Enrop-eaji  ssAncacitirer 
of  Bessemer  steel !  And  for  how  manv  vtajs  after  the  ai>- 
fX:sirarice  of  Mr.  Hewitt's  report  did  iLe  new  industry  liier- 
ally  languish  in  this  country ! 

Although  Bessemer  steel  is  adapte«i  to  al:  purposes  for 
which  other  steel  is  used,  except  perhaps  the  nianii£&cnire  of 
fine  cutlerj',  its  use  in  Europe  has  been  mainly  oonnned  to  the 
pro^luction  of  railway  bars,  and  its  use  in  this  coontzy  has 
been  even  more  narrowly  limited  to  the  same  product.  For 
many  yf.-ars  after  the  introduction  of  the  Bessemer  process  in 
the  Unite*!  States  it  was  used  to  produce  nothing  but  rails. 
Iri  Ixith  geographical  divisions  it  is  now  widely  used  for 
other  purposes. 

Robert  Forester  Mushet,  without  whose  triple  compound 
of  iron,  carlx)n,  and  manganese  the  Bessemer  process  for  mak- 
ing steel  could  not  have  been  successful,  died  at  Cheltenham, 
England,  on  January  29, 1891,  in  his  80th  year.  He  was  the 
youngest  son  of  the  celebrated  steelmaker,  David  Mushet, 
and  was  bom  at  Coleford,  in  the  Forest  of  Dean,  in  1811. 
To  his  birth  in  the  Forest  Mr.  Mushet  owed  his  middle 
name  of  Forf:«ter. 

Sidncv  Gilchrist  Thomas,  to  whom  the  chief  credit  is 
undoubtedly  due  for  the  invention  of  the  basic  process  by 
whidi  phospliorus  is  eliminated  from  pig  iron,  was  boni  in 
England  in  April,  1850,  and  died  on  February  1,  1885,  in 
his  35tli  year.  In  a  biographical  sketch  of  Mr.  Thomas  Mr. 
George  W.  Maynard  tnily  says :  ''  It  has  rarely  fallen  to  the 
lot  of  one  so  young  to  add  so  much  to  the  world's  knowl- 
edge and  wealth  as  did  Sidney  Gilchrist  Thomas." 


CHAPTER   XLVI. 
THE    BESSEMER    PROCESS    IN   THE    UNITED    STATES. 

As  KAHLY  as  1861  Captain  E.  B.  Ward,  of  Detroit,  and  Z. 
S.  Durfee,  of  New  Bedford,  obtained  control  of  the  patents  of 
William  Kelly,  and  in  that  year  Mr.  Durfee  went  to  Europe 
to  study  the  Bessemer  process.  During  his  absence  Captain 
Ward  invited  Mr.  William  F.  Durfee,  also  of  New  Bedford, 
and  a  cousin  of  2.  8.  Durfee,  to  erect  an  experimental  plant 
at  Wyandotte,  Michigan,  for  the  manufacture  of  pneumatic 
steel,  and  this  work  was  undertaken  in  the  latter  half  of  1862. 

In  May,  18G3,  Daniel  J.  Morrell,  of  Johnstown,  and  Will- 
iam M.  Lyon  and  James  Park,  Jr.,  of  Pittsburgh,  having  be- 
come partners  of  Captain  Ward  and  Z.  S.  Durfee  in  the  con- 
trol of  the  patents  of  Mr.  Kelly,  the  Kelly  Pneumatic  Process 
Company  was  organized,  Mr.  Kelly  retaining  an  interest  in 
any  profits  which  might  accrue  to  the  company.  It  was  re- 
solved to  complete  the  experimental  works  already  under- 
taken, and  also  to  acquire  the  patent  in  this  country  of  Mr. 
Mushet  for  the  use  of  spiegeleisen  as  a  recarburizing  agent. 
The  patent  was  granted  in  England  in  1866  and  in  this 
country  in  1857.  Mr.  Z.  S.  Durfee  accordingly  went  to  Eng- 
land to  procure  an  assignment  of  Mr,  Muahet'a  patent.  The 
latter  purpose  was  effecti-'d  on  the  24tli  of  October,  1864,  upon 
terms  which  admitted  Mr.  Mushet,  Thomas  D.  Clare,  and  John 
N.  Brown,  of  England,  to  membership  in  the  Kelly  Process 
Company.  On  the  5th  of  September,  1865,  the  company  was 
further  enlarged  by  the  admission  to  membership  of  Charles 
P.  Chouteau,  James  Harrison,  and  Felix  Vall&,  all  of  St. 
Louis.  In  September,  1864,  William  F.  Durfee  succeeded  in 
making  Bessemer  steel  at  the  experimental  works  at  Wyan- 
dotte. This  was  thefrst  Bessemer  sted  made  in  the  United  States. 
A  part  of  the  machinery  used  at  the  Wyandotte  works  was 
an  infringement  upon  Mr.  Bessemer's  American  patents. 

Tiie  control  in  this  country  of  Mr.  Bessemer's  patents  was 
obtained  in  18G4  by  John  F.  Winalow,  John  A.  Griswold,  and 
Alexander  L.  Holiey,  all  of  Troy,  New  York,  Mr.  Holley  vis- 
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iting  England  in  1S63  in  the  interest  of  himself  and  his  asso- 
ciates. In  February,  18C5,  Mr.  Holley  was  successful  at  Troy 
in  producing  Bessemer  st«el  at  experimental  works  which  lie 
had  constructed  for  his  company  at  that  place  in  1864,  Mr. 
Mushet's  method  of  recarburizing  melted  iron  in  the  con- 
verter was  used  at  Troy,  and  this  was  an  infringement  upon 
his  patent  iu  this  country. 

As  the  Kelly  Process  Company  conld  not  achieve  success 
without  Mr.  Bessemer's  machinery,  and  as  the  owners  of  the 
right  to  use  this  machinery  could  not  make  steel  without  Mr. 
Mushet's  improvement,  an  arrangement  was  made  by  which 
all  of  the  American  patents  were  consolidated  early  in  1866. 
Under  this  arrangement  the  titles  to  the  Kelly,  Bessemer, 
and  Mushet  patents  were  vested  in  Messrs.  Winalow,  Griswold, 
and  Morrell,  the  first  two  being  owners  of  seven-teullis  of 
the  property  and  Mr.  Morrell  holding  the  other  tliree-tenths 
in  trust  for  the  Kelly  Process  Company.  This  arrangement 
continued  until  the  formation  of  the  Pneunaatic  Steel  Asso- 
ciation, a  joint-stock  company  organized  under  the  laws  of 
New  York,  in  which  the  ownership  of  the  consolidated  patents 
was  vested.  Z.  S.  Durfee  acted  as  the  secretary  and  treas- 
urer of  the  company.  The  ownership  of  the  patents  was  af- 
terwards vested  in  the  Bessemer  Steel  Company  Limited,  an 
association  organized  in  1877  under  Uie  laws  of  Pennsylvania. 
This  association  has  been  succeeded  by  the  Steel  Patents 
Company,  organized  in  1890.  All  the  original  English  and 
American  patents  have  expired.  The  Steel  Patents  Company, 
however,  owns  other  pat«nts  relating  to  the  manufacture  of 
Bessemer  steel  which  have  not  expired. 

Mr.  Wm.  F.  Durfee  has  described  in  the  following  words 
the  quality  of  the  Bessemer  steel  first  made  at  Wyandotte. 

VariouH  experimente  were  tried  to  test  tlie  ductUity  and  working  (joti- 
iUes  of  the  steel  produced  at  Wyandotte.  Some  of  the  early  prodiu.'t  mtt 
Eent  to  Bridgewat«r,  MasBOchuEette,  and  there  rolled  into  tack  plate  and 
cut  into  tacks  which  were  pronounced  to  be  very  much  euperior  to  aaj 
previously  made  of  iron.  In  order  to  test  the  welding  qualities  of  the 
Bteel  John  Bishop,  the  blacksmith  of  the  works,  made  a  tobacco-pipe  tba 
8i;ie  of  on  oniinary  clay  pipe,  the  bowl  and  stem  of  which  were  welded 
up  of  Wyandotte  eteel,  and  when  perfectly  polished  there  waa  no  visible 
evidence  of  a  weld.  I  have  now  two  jackknives  and  a  razor  made  frain 
this  eleel ;  the  knives  are  rather  soft,  but  the  rasor  was  used  reguloriy 
by  my  father  for  fifteen  years  to  his  entire  Balisfiwtion. 


I 
f 

I 
f 


IKON   IN   ALL  AGES.  411 

The  consolidation  in  1866  of  the  various  interests  above 
mentioned  was  followed  by  a  large  reduction  in  fees  and  roy- 
alties, and  thenceforward  the  business  of  making  Bessemer 
steel  was  rapidly  extended  in  this  country.  The  order  in 
which  the  pioneer  Bessemer  steel  works  of  the  Unit«d  States 
were  established  down  to  1876  is  presented  below.  From 
187*5  to  1881  no  Bessemer  steel  works  were  established  in 
this  country.  Beginning  with  1881  many  new  Bessemer 
woi;ka  have  been  built  in  the  United  States,  but  a  list  of 
these  works  in  these  pages  would  occupy  too  much  space. 

1.  Kelly  Pneumatic  Procees  Corapnny,  Wyandotte,  Wiiyne  c-ounly,  Micli- 
igan.  Odo  2j-ton  experimpntai  converter.  Made  its  flrat  blow  in  Septem- 
ber, 1884.  Bought  by  t^Hptjiin  E.  B.  Ward  in  1*6  and  abandoned  in  18tHI. 
These  (.'iperimental  works  were  connected  with  an  iron  rolling  mill. 

2.  Albany  and  Rensselaer  Iron  and  Steel  Company,  Troy,  New  York. 
Experimental  BeBsemer  plant  established  by  Winslow,  Griswold  &  Holley. 
One  2j-ton  converter.  Made  its  first  blow  February  15, 1866-  Kow  two 
10-ton  converterB.    Added  to  an  iron  rail  mill. 

3.  PeniiBylvaiiia  Steel  Works,  Pennsylvunia  Steel  Comjiany,  Steelton, 
Dauphin  county,  Pennsylvania.  Two  7-ton  converters.  Iilade  its  first 
blow  in  June,  1867.  An  entirely  new  works.  Three  8-ton  converters 
added  in  1881. 

4.  Freedom  Iron  and  Steel  Worka,  Lewistown,  Mifflin  county,  Pennsyl- 
vania.  Two  5-ton  converter.  Made  their  first  blow  May  1, 18(18.  .\ddcd 
to  the  workB  of  the  Freedom  Iron  Company.  Failed  in  1869  and  Besse- 
mer works  dismantled ;  most  of  the  machinery  was  taken  to  Joliet,  Illinois. 

5.  Cleveland  Kolling  Mill  Company,  Cleveland,  Ohio.  Two  fil-ton  con- 
verterH.  Made  its  first  blow  October  16, 18tt8.  Xow  two  10-ton  converters. 
Added  to  an  iron  rail  mill. 

6.  Cambria  Iron  and  Steel  Works,  Cambria  Iron  Company,  Johnstown, 
Penniylvania.  Two  6-ton  converters.  Made  its  first  blow  July  10,  1871. 
Added  to  an  iron  rail  mill.    Now  two  llj-lon  converters. 

7.  Union  Steel  Company,  Chicago,  Illinois.  Two  6-ton  converters, 
Made  its  first  Wow  July  26,  1R71.  Added  to  an  iron  rail  mill.  Now  two 
10-ton  converterH. 

e.  North  Chicago  Rowing  Mill  Company,  Chicago,  Illinois.  Two  6-ton 
converters.    Made  its  first  blow  April  10,  1872.    Added  to  an  iron  rail  mill. 

9.  Joliet  Steel  Works,  Joliet  Steel  Comjiany,  Joliet,  Illinoia.  Two  8-ton 
converter.  Made  its  first  blow  January  36,  1873.  and  ite  first  sloci  roil 
March  15,  1873.    An  entirely  new  works. 

10.  Bethlehem  Iron  Company,  Bethlehem,  Pennsylvania.  Two  7-ton 
converters.  Made  its  first  blow  October  4,  1873,  and  its  first  steel  rail  Oc- 
tober 18, 1873.    Now  foDT  7-ton  converters,    .'^dded  to  an  iron  rail  mill. 

11.  Edgar  Thomson  Steel  Works,  Carnegie  Brothers  &  Co.  Limited, 
Bessemer  station,  Allegheny  county,  Pennsylvania.  Two  7-tott  converters. 
Made  their  first  blow  August  25, 1876,  and  their  first  steel  rail  September  1, 
1875.    An  entirely  new  works.    Now  four  13-ton  converters. 
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12.  Lackaw&nxm  Iron  and  ^^teel  Work&  Liickawaiiiia  Iraii  and  Coa' 
(\»ujpany.  St-rauton,  Lairkawanua  coonty,  Pennpylvania.  Twf»  r*-tori  con- 
verl<:'ni.  Made  it*  linrt  blow  October  l!o.  1875,  and  itF  first  steel  rail  l>e- 
ceiiiliPr  2V».  ]875.    Added  Vj  an  inm  rail  mill.    Now  three  7-ton  oonveiteR. 

13.  6t.  LooiF  (yr^  and  Stfc<*l  CompaDv.  St.  Louie,  MiflBoori.  Two  7-tan 
••^.mverten?.  Made  itF  ti ret  blow  September  1, 187tJ.  Added  tc»  an  iron  mil 
luill.    The^e  woritB  iiave  lonjr  been  idle. 

Mr.  Rol>ert  W.  Hunt  informs  us  that  the  first  conversiaii 
made  at  Troy  was  from  Crown  Point  charcoal  pig  iron,  meh- 
e'l  in  a  reverl>eratorv  furnace,  and  Mr.  William  F.  Durfef'  in- 
forms  us  that  tlie  first  steel  made  at  Wvandotte  was  convened 
from  Lake  Suj^erior  cliarcoal  pig  iron,  also  melted  in  a  rever- 
beratory  furnace,  although  on  a  number  of  subsequent  occa- 
sions tlie  metal  for  conversion  was  taken  directlv  to  the  con- 
verier  from  the  Eureka  charcoal  blast  furnace. 

It  is  supposed  that  the  first  attempt  made  in  the  world 
to  melt  pig  iron  in  a  cujx)la  for  conversion  into  sted  by 
the  Bess^:»mer  process  was  made  by  Mr.  Z.  S.  Durfee  at  the 
works  at  Wyandotte  during  the  spring  of  1865.  This  at- 
tempt faile^i  of  success,  owing  to  the  small  size  of  the  cujK^la 
and  the  length  of  time  rer^uired  to  accumulate  enough  iron 
in  the  traveling  ladle  for  use  in  the  converter:  but  the  pres- 
ent general  employment  of  the  cujx>la  whenever  j>ig  iron  is 
u^A  for  conversion  into  Bessemer  steel  is  suflBcient  evidence 
that  the  thought  which  prompter]  this  first  exi>erimeni  had 
a  'rub.rtaijtial  and  practical  foundation.  Mr.  Hunt  states  that 
on  July  20, 18*>o,  Mr.  Holley  successfully  use*!  the  cufKila  at 
'i'roy  in  connection  with  the  Bessemer  process.  The  English 
\fy<i('X\rit  at  this  time  was  to  use  the  reverberatory  fumaoe. 

The  first  B^-ssenier  steel  rails  ever  made  in  this  countr\' 
wr-n-  rolle<l  at  the  North  Chicago  rolling  mill  on  the  24th  of 
May.  ]S»*>r;,  from  ingots  made  at  the  exj»erimental  steel  works 
at  Wyandotte  under  the  supervision  of  William  F.  Durfee, 
sijj>erintendent.  The  rolls  with  which  the  steel  rails  were 
rolled  at  the  North  Chicago  rolling  mill  had  been  in  use  for 
rolling  iron  rails.  The  steel  rails  came  out  sound  and  well- 
bljaj><r«l.  Several  of  these  rails  were  laid  in  the  track  of  one 
of  the  railroads  running  out  of  Chicago  and  were  still  in  use 
in  1875.  The  American  Iron  and  Steel  Association  was  in 
s^'^'rion  at  Chicago  at  the  time,  and  several  of  its  members 
witnefes<rd  the  rolling  of  the  rails. 


The  following  letter  from  Mr.  O.  W.  Potter,  of  Chicago, 
long  president  of  the  North  Chicago  Rolling  Mill  Company, 
written  to  Mr.  William  F.  Durfee  in  1865,  two  days  after  the 
rolhug  of  the  first  American  steel  rails  in  that  city,  is  of  his- 
torical value  and  worthy  of  preservation. 

My  Dbab  Durfke:  The  ineetinji  of  tho  iron  »nd  steel  men  aiijourned 
veeterdHy  to  meet  in  Cleveland  the  fourth  IVeilnetidiiy  in  AugUBl.  1  regret 
very  much  you  could  not  liave  been  here,  partimlarly  to  see  how  well  your 
steel  behftved,  an'd  you  must  allow  me  to  congratulate  you  upon  Its  entire 
fluccew,  Eind  I  aseure  you  I  was  but  loo  proud  for  your  aake  that  everything 
iw  had  to  dp  with  it  proved  so  very  BUtceesfiil,  The  hammer  was  altogether 
loo  light  of  courBe,  and  it  took  more  time  than  it  otherwise  would  to  draw 
the  ingot  down,  yet  all  the  pieces  worked  beautiiUlly,  and  we  have  made 
six  good  raile  from  the  ingots  eent  over,  and  not  one  Imd  one  in  iiny  re- 
spect The  piece  you  sent  over  forged  is  now  lying  in  Mole  at  the  Tremont 
Houee,  and  is  really  a  beautiftil  rail,  and  has  been  presented  to  the  Sanitary 
Fair  l>y  Captain  Ward.  We  rolled  throe  mila  on  Wednesday  and  three  on 
Thursday,  At  the  flrel  rolling  only  your  cousin  and  Geonje  Fritt  were  pres- 
ent; at  tlie  rolling  yeat^rday  were  Senator  Howe,  of  Wisconsin;  B.  P. 
Jones,  of  Pittsburgh ;  R.  H.  Lamborn,  of  Philadelphia ;  Mr.  Phillips,  of  Cin- 
cinnati ;  Mr.  Swift,  of  Cincinnati ;  Mr.  Kennedy,  of  Cincinnalj ;  Sir.  May, 
of  Milwaukee,  and  three  ladies;  Mr.  Scofleld,  of  Milwaukee;  Mr.  Friti,  of 
Johnstown ;  and  Mr.  Thomas,  of  Indisnupolis,  with  four  strangers.  Every- 
thing went  so  well  1  really  wanted  you  to  see  some  of  the  good  of  your  la- 
bors for  DO  long  a  time  and  under  such  trying  circumstances.  You  have 
done  what  you  set  out  to  do,  and  done  it  well,  and  I  am  glad  to  congratu- 
late yon  and  rejoice  with  you,  for  I  can  appreciate  some  of  yonr  difficnlties, 
and  wanted  you  to  hear  some  of  the  praises  bestowed  upon  your  lalxtrs  lu 
you  richly  deserve.  I  know  this  woidd  make  no  sort  of  difference  to  you, 
yet  we  all  have  vanity  enough  (especially  in  such  cases  as  this)  to  feel  grat- 
ified at  any  little  compliments  we  know  we  are  entitle<l  to,  but  I  will  not 
tire  yon  with  any  more,  as  your  cousin  [the  late  Z,  S.  Durfee]  can  tell  yon 
all  and  more  than  I  con  write,  but  with  kindest  regards  allow  me  to  remain 
YoiUB  Most  Obt.,  O.  W.  PoTTKK. 

OmcB  or  tHE  Cuicaso  Roluko  Mill,  Chicaoo,  May  S3, 1865. 

The  first  steel  rails  ever  rolled  in  the  United  States  upon 
order,  in  the  way  of  regular  business,  were  rolled  by  the  Cam- 
bria Iron  Company,  at  Johnstown,  Pennsylvania,  in  August, 
1867,  from  ingots  made  at  the  works  of  the  Pennsylvania 
Steel  Company  near  Harrisburg,  Pennsylvania ;  and  by  the 
Spuyten  Duyvil  Rolling  Mill  Company,  at  Spuyten  Duyvil, 
New  York,  early  in  September  of  tliat  year,  from  ingots  made 
at  the  Bessemer  steel  works  at  Troy,  New  York,  then  owned 
by  Winslow  &  Griswold. 

Important  improvements  upon  Mr.  Bessemer's  machinery 


have  been  invented  and  pat4^nted  by  A.  L.  Holley,  Geoi^e  ' 
Fritz,  Robert  W.  Hunt,  William  R.  Jones,  and  other  American 
engineers.  Of  these  improvements  the  most  notable  is  the 
Fritz  blooming  jiiill,  which  is  in  general  use  in  this  country 
and  in  Europe.  The  largest  number  of  improvements  were 
made  by  Mr.  Holley.  The  inventive  genius  and  rare  me- 
chanical skill  of  Mr.  John  Fritz,  of  the  Bethlehem  Iron  Com- 
pany, have  also  produced  many  valuable  improvements  which 
were  clearly  patentable  but  have  not  been  patented.  | 

In  the  early  stages  of  the  Bessemer  steel  industry  in  this 
country  great  difficulty  was  experienced  in  obtaining  suitable 
pig  iron  and  also  materials  for  tlie  lining  of  the  converters. 
Large  quantities  of  Bessemer  pig  iron  were  annually  import- 
ed. Our  manufacturers  were  uncertain  whether  American 
ores  would  make  good  Bessemer  pig  iron,  and  many  failures 
occurred  in  using  domestic  pig  iron  that  was  unsuited  for 
conversion  into  steel.  The  lack  of  skilled  workmen  was  also 
severely  felt.  All  difficulties,  however,  have  long  been  over- 
come. It  is  now  universally  admitted  that  in  the  United 
States  this  industry  has  been  brought  to  a  higher  state  of 
perfection  than  it  has  attained  in  any  other  country'.  The 
American  Bessemer  sleel  works  have  been  constructed  after 
plans  which  are  in  the  main  greatly  superior  to  those  of 
European  works.  The  United  States  is  now  not  only  inde- 
pendent of  other  countries  for  its  supply  of  Bessemer  pig 
iron  but  it  is  also  the  largest  producer  of  Bessemer  pig  iron 
in  the  world. 

Since  1867  the  American  Iron  and  Steel  Association  has 
annually  ascertained  the  production  of  Bessemer  steel  ingots 
in  the  United  States.    It  has  been  as  follows,  in  net  tons. 
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The  Association  has  also  ascertained  as  follows  the  pro- 
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duction  of  Bessemer  steel  rails  in  the  United  States  in  net 
tons  since  the  commencement  of  their  manufacture  in  this 
country  as  a  commercial  product  in  1867.  The  total  pro- 
duction of  rails  from  1867  to  1890  was  19,483,930  net  tons. 


Years. 


1867. 
1868. 
18C9. 
1870. 
1871. 
1872. 
1873. 
1874. 


Net  tons. 

2.650 
7.225 
9,650 

ai.ooo 

38,250 

94,070 

129,015 

144,944 


Years. 


,  Net  tons. 

290,««3 
412,461 
....]  432.169 
....!  550.398 
68:i,9(>4 
954,460 

;i  1881 1.330,302 

I  1882 1,438,155 


1875. 
1876. 
1877. 
1878. 
1879. 
1880. 


Years.  Net  tons. 

1883 1,286,5&4 

1884. 1,116,621 

1885 1,074,607 

1886 1.763.61)7 

1887 !  2.3.'>1,132 

1888 !  1,552.631 

1889 '  l,e91,2frl 

1890 ;  2,091,978 


A  comparison  of  the  production  of  ingots  and  rails  will 
show  approximately  the  quantity  of  Bessemer  steel  that  has 
annually  been  used  in  miscellaneous  forms.  Virtually  all  of 
the  Bessemer  steel  that  has  been  produced  in  this  country  has 
been  used  at  home ;  only  a  small  quantity  has  been  exported. 

The  following  table  shows  in  gross  tons  the  production  of 
Bessemer  steel  ingots  and  Bessemer  steel  rails  in  the  United 
States  and  in  Great  Britain  from  1877  to  1890. 


United  States— GrofiK  tons. 


<xreat  Britain— Gross  tons. 


Years. 


1877... 
1878... 
1879... 
1880... 
1881... 
1882... 
1883... 

JcxH... 

1885.. 
1886... 
1887... 
1888... 
1889... 
1890... 


Ingots. 

500,524 
653,773 
829,439 
1,074,262 
1,374,247 
1,514,687 
1,477,315 
1.. 375,531 
1,519.430 
2,269,190 
2,936,033 
2,511,161 
2,930,204 
3,688,871 


Rails. 


Ingots. 


Rails. 


385,865 

491.427 

610,682 

852,196 

1,187,770 

1.2W.067 

1,148.709 

996.983 

959,471 

1,574.70:J 

2.101,904 

1.386,277 

1.510,057 

1,867,837 


750,000 
807,527 
834,511 
1,044,382 
1.441,719 
1.673,649 
1,553,380 
1,299,676 
1,304,127 
1,570.520 
2,089.408 
2.032,794 
2,140,791 
2,014,843 


508,400 

622,390 

620.231 

732,910 

1,023,740 

1,236,785 

1.097,174 

784,968 

706,583 

730,343 

1,021,847 

979,08:J 

94:).048 

1,019,606 


The  benefits  which  this  country  has  derived  from  home- 
made steel  rails,  which  have  long  been  cheaper  than  iron  rails 
were  ever  sold,  are  so  numerous  and  enter  so  largely  into  the 
daily  life  of  all  our  people  that  they  have  ceused  to  excite 
comment,  like  the  natural  blessings  of  light,  air,  and  water. 
The  wearing  qualities  of  a  steel  rail  being  much  superior 
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to  those  of  an  iron  rail  it  is  capable  of  supporting  a  much 
heavier  weight  of  cars,  locomotives,  freight,  and  passengers, 
and  it  permits  trains  to  be  moved  at  a  much  greater  rate 
of  speed :  hence  the  carrving  capacity  of  our  railroads  has 
been  greatly  increased  and  the  cost  of  operating  them  has 
been  greatly  decreased.  The  life  of  a  steel  rail  being  much 
longer  than  that  of  an  iron  rail  the  cost  to  our  railroad 
companies  for  renewals  of  track  is  many  times  less  than  if 
iron  rails  were  still  used.  The  immense  agricultural  crops  of 
the  country  in  the  last  twenty  years  never  could  have  been 
moved  to  either  home  or  foreign  markets  if  iron  rails  had  * 
been  continued  in  use;  the  attempt  to  trans^rt  them  upon 
iron  rails  would  have  so  worn  out  the  rails  that  the  tracks 
would  constantly  have  been  torn  up  for  repairs,  and  this 
would  have  resulted  in  a  continual  interruption  to  all  traffic. 
If  our  dependence  for  steel  rails  had  been  on  foreign  sources 
of  supply  the  cost  of  transportation  resulting  from  the  high 
prices  of  foreign  rails  would  have  been  so  great  that  it  would 
not  have  been  profitable  to  grow  these  immense  crops;  in- 
deed the  prices  of  foreign  rails  would  have  been  so  high  that 
few  railroads  would  have  been  built  in  the  Western  States 
and  Territories,  and  the  marvelous  development  of  that  sec- 
tion could  not  have  taken  place.  Finally  it  may  be  said  tliat, 
but  for  our  cheap  home-made  steel  rails,  flour  and  meat, 
lumber  and  coal,  and  other  heavy  products  could  not  have 
been  cheaply  distributed  to  consumers;  the  necessaries  of 
life  would  have  been  largely  enhanced  in  price  through  the 
high  cost  of  transportation ;  and  the  whole  countrj'  would 
have  had  a  much  less  rapid  growth  than  it  has  experienced. 

The  following  persons  who  were  prominently  identified 
with  the  introduction  of  the  Bessemer  steel  industry  into  this 
country  have  passed  to  the  other  world. 

John  A.  Griswold  was  bom  at  Nassau,  Rensselaer  county, 
New  York,  on  November  14,  1818,  and  died  at  Troy,  New 
York,  on  October  31,  1872,  aged  almost  54  years. 

George  Fritz  was  born  in  Londonderry  to\raship,  Ches- 
ter county,  Pennsylvania,  on  December  15,  1828,  and  died  at 
Johnstown,  Pennsylvania,  on  August  5,  1873,  aged  almost  45 
years.  For  many  years  he  was  the  chief  engineer  of  the 
Cambria  iron  works. 
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Captain  E,  B.  Ward  was  born  in  Canada,  of  Vermont 
parents,  on  December  25,  1811,  and  died  suddenly  at  Detroit, 
Michigan,  on  January  2, 1875,  aged  over  63  years. 

Z.  S.  Durfee  was  bom  at  Fall  River,  Massachusetts,  on 
April  22, 1831,  and  died  at  Providence,  Rhode  Island,  on  June 
8,  1880,  aged  over  49  years. 

Alexander  L.  HoUcy  was  bom  at  Lakeville,  Connecticut, 
on  July  20,  1832,  and  died  at  Brooklyn,  New  York,  on  Janu- 
ary 29, 1882,  aged  nearly  50  years. 

James  Park,  Jr.,  was  born  at  Pittsburgh,  Pennsylvania, 
on  January  11, 1820,  and  died  at  Allegheny  City,  Pennsylva- 
nia, on  April  21, 1883,  aged  over  63  years. 

Daniel  J.  Morrell  was  bora  in  North  Berwick,York  county, 
Maine,  on  August  8, 1821,  and  died  at  Johnstown,  Pennsylva- 
nia, on  August  20,  1885,  aged  over  64  "years.  At  the  time  of 
hia  death  Mr.  Morrell  was  the  president  of  the  American  Iron 
and  Steel  Association. 

Thomas  M.  Carnegie,  one  of  the  founders  of  the  Edgar 
Thomson  steel  works,  was  bom  at  Dunfermline,  Scotland,  on 
October  2,  1844,  and  died  at  Homewood,  near  Pittsbui^h,  on 
October  19,  1886,  aged  over  42  years. 
•  William  Kelly,  the  American  inventor  of  the  pneumatic 
process  for  making  steel,  was  bom  at  Pittsburgh  on  August 
21,  1811,  of  Irish  parentage,  and  died  at  Louisville,  Kentucky, 
on  Febmary  11, 1888,  in  his  77th  year. 

Samuel  M.  Felton,  president  of  the  Pennsylvania  Steel 
Company,  and  one  of  its  founders,  was  bom  at  West  New- 
bury, Massachusetts,  pn  July  17,  1809,  and  died  at  Philadel- 
phia on  January  24,  1889,  in  his  80th  year. 

William  M.  Lyon  was  born  at  Harrisburg,  Pennsylvania, 
on  April  29,  1809,  and  died  at  Pittsburgh  on  July  3,  1889, 
aged  over  80  years. 

Captain  William  R.  Jones,  general  superintendent  of  the 
Edgar  Thomson  steel  works,  was  bom  at  Hyde  Park,  (Scran- 
ton,)  Luzerne  county,  Pennsylvania,  on  Febmary  23,  1839, 
and  died  at  Braddock  on  September  28,  1889.  in  hia  51st 
year.     He  was  fatally  burned  by  the  bursting  of  Furnace  C. 

The  deaths  of  Henry  Chisholm  and  Alfred  Hunt,  which 
properly  should  be  recorded  in  this  connection,  have  already 
been  noticed  in  the  Ohio  and  Pennsylvania  chapters. 
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CHAPTER  XLVII.  .^ 

THE  MANUFACTURE  OF  OPEN-HEARTH  STEEL. 

The  open-hearth  process  for  the  manufacture  of  steel,  of 
which  the  Siemens-Martin  furnace  is  the  most  popular  type, 
consists  in  melting  pig  iron  in  a  large  dish-shaped  vessel, 
or  reverberatory  furnace,  and  afterwards  decarburizing  it  by 
adding  wrought  iron,  steel  scrap,  or  iron  ore,  a  deficiency  of 
carbon  being  supplied,  as  in  the  Bessemer  process,  by  the  ap- 
plication of  spiegeleisen  or  ferro-manganese.  The  product  is 
steel,  containing  any  percentage  of  carbon  that  may  be  die- 
sired.  The  materials  used  are  melted  by  the  union  in  the 
furnace  of  atmospheric  air  and  combustible  gases,  affording 
an  intense  heat.  All  of  the  heat  employed  is  obtained  by 
the  use  of  a  regenerative  gas  furnace.  The  melted  pig  iron, 
previous  to  receiving  the  decarburizing  ingredients,  is  term- 
ed a  bath.  The  quantity  of  steel  which  may  be  made  at  one 
operation,  or  heat,  ranges  from  five  to  thirty-five  tons,  accord- 
ing to  the  size  of  the  furnace. 

The  open-hearth  process,  although  capable  of  producing 
as  large  masses  of  steel  as  the  Bessemer  process,  is  much 
slower  in  its  operation,  but  it  possesses  the  advantage  over  it5 
rival  that  the  melted  mixture  may  be  indefinitely  kept  in  a 
state  of  fusion  until  experiments  with  small  portions  deter- 
mine the  exact  conditions  necessary  to  produce  a  required 
quality  of  steel.  Another  important  distinction  may  be 
noticed.  iXV^hile  the  cardinal  features  of  both  the  Bessemer 
and  th#  'open-hearth  processes  embrace  strictly  chemical  op- 
erations on  a  large  scale,  no  direct  manipulation  of  the  con- 
tents of  the  Bessemer  converter  or  the  open-hearth  furnace 
being  necessary,  there  is  this  mechanical  difference,  that  the 
success  of  the  former  mainly  rests  upon  the  wonderful  pow- 
er and  perfection  of  the  machinery  by  which  it  is  operated, 
while  the  success  of  the  latter  mainly  rests  upon  the  appli- 
ances for  producing  and  storing  up  the  gases  used  in  creat- 
ing combustion. 

Both  processes  may   be  combined  with  abeady-existing 
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iroD  rolling  mills  or  crucible  steel  works,  but  the  open-hearth 
process  can  be  most  economically  added  to  such  establish- 
ments, and  this  is  one  cause  of  its  increasing  popularity,  al- 
though, as  already  intimated,  its  productive  capabilities  are 
much  less  than  those  of  the  Bessemer  process.  The  open- 
hearth  process  is  also  especially  adapted  to  the  utilization  of 
the  scrap  steel  and  rail  ends  which  accumulate  at  Bessemer 
steel  works,  and  very  naturally,  therefore,  many  open-liearth 
furnaces  have  been  built  in  connection  with  these  works,  both 
in  Europe  and  in  the  United  Stjites.  AnoUier  advantage  of 
this  process  is  its  ready  adaptation  to  the  remelting  of  worn- 
out  steel  rails  for  the  production  of  steel  in  other  forma.  A 
popular  use  of  the  open-hearth  process  in  botli  Europe  and 
America  is  the  production  of  steel  plates  for  boilers  and  fire- 
boxes. On  both  continents  open-hearth  steel  is  also  largely 
used  as  a  substitute  for  iron  in  shipbuilding  and  bridge- 
building.  It  is  also  rapidly  coming  into  use  in  all  countries 
in  the  manufacture  of  all  kinds  of  tools,  and  generally  as  a 
competitor  of  wrought  iron  and  other  kinds  of  steel. 

The  importance  of  the  two  [irocesses  which  have  been 
mentioned,  and  the  extent  of  the  revolution  they  have  ef- 
fected, may  be  inferred  from  the  fact  that  they  have  united- 
ly increased  the  world's  production  of  steel  at  least  one  hun- 
dred fold  in  the  last  thirty-five  years. 

Previous  to  1856,  the  same  year  in  which  Mr.  Bessemer 
obtained  his  most  important  patent,  (February  12,  1856,)  Dr. 
Charles  William  Siemens,  in  conjunction  with  his  brother, 
Frederick  Siemens,  both  of  whom  were  natives  of  Hanover, 
in  Germany,  but  at  the  time  were  citizens  of  England  and 
residents  of  London,  devoted  his  inventive  genius  to  the  con- 
struction of  a  gas  furnace  for  the  manufacture  of  iron,  steel, 
glass,  and  other  products  which  require  a  high  and  uniform 
heat.  These  gentlemen  were  in  that  year  successful  in  per- 
fecting the  Siemens  regenerative  gas  furnace,  which  has  since 
been  widely  introduced  in  Europe  and  in  this  country,  and 
without  which  no  open-hearth  steel  can  be  made.  The^first 
patent  in  connection  with  this  invention  was  granted  in  1856 
to  Frederick  Siemens  alone. 

As  early  as  1861  Dr.  Siemens  experimented  with  the  re- 
generative furnace  in  the  production  of  cast  steel  in  a  rever- 
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beratory  furnace,  or  open-hearth,  for  which  application  of  the 
regenerative  furnace  he  obtained  a  patent.  He  subsequently 
encountered  great  practical  difficulties  in  establishing  hia 
process  of  making  steel,  efforts  to  accomplish  this  result  be- 
ing made  in  1S62  at  Tow  Law  and  in  1863  and  1864  at  Bar- 
row and  Fourchambault,  the  first  two  places  being  in  Eng- 
land and  the  last  place  being  in  France. 

In  1864  Messrs.  Emile  and  Pierre  Martin,  of  the  Sireuil 
works,  in  France,  erected  with  the  assistance  of  Dr.  Siemens 
one  of  the  Siemens  regenerative  gas  furnaces  to  melt  eteel  in 
an  open-hearth,  or  reverberatory  furnace,  of  their  own  con- 
struction. In  this  furnace  they  produced  cast  steel  of  good 
quality  and  various  tempers,  and  at  the  Paris  Exposition  of 
1867  their  product  secured  for  them  a  gold  medal.  Previous 
to  this  time  and  subsequently  tlie  Messrs.  Martin  obtained 
patents  for  various  inventions  which  were  applicable  to  the 
manufacture  of  steel  by  the  Siemens  regenerative  furnace. 
Their  principal  patent,  describing  the  combined  process  of 
decarburization  and  recarburization,  was  obtained  in  France 
in  1865. 

Dr.  Siemens  claims,  In  a  letter  which  is  now  before  us, 
that  both  at  Tow  Law  and  Fourchambault  cast  steel  had 
been  produced  from  pig  iron,  spiegeleisen,  and  scrap  iron 
upon  an  open-heartli  which  had  been  especially  constructed 
by  himself  for  that  purpose  previous  to  the  Messra.  Martin's 
connection  with  the  process.  The  furnace  at  Tow  Law  was  a 
small  one,  and  several  such  furnaces  were  at  work  there  a 
few  years  ago  in  the  maimer  originally  designed  by  Dr.  Sie- 
mens. In  1865  Dr.  Siemens  commenced  the  erection  at  Bir- 
mingham, in  England,  of  steel  works  of  his  own,  in  which 
the  regenerative  furnace  should  be  used  in  producing  steeL 
These  works,  which  were  completed  in  1867,  have  produced 
satisfactory  results. 

The  Messrs.  Martin  devoted  their  efforts  to  the  production 
of  steel  by  the  use  of  wrought  iron  and  steel  scrap  and  also 
irorf  ore  as  decarburizers  in  a  bath  of  pig  iron,  while  the  ef- 
forts of  Dr.  Siemens  were  more  especially  directed  to  the  pro- 
duction of  steel  by  the  use  of  iron  ore  alone  as  a  decarbur- 
izer  in  a  bath  of  pig  iron,  the  ore  being  either  in  the  raw 
state  or  in  a  more  or  less  reduced  condition.    Until  recently 
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the  "  pig  and  ore  "  method  waa  generally  employed  in  Great 
Britain.  The  "  pig  and  scrap  "  method  is  chiefly  used  on  tlie 
Continent  and  in  this  country.  In  Great  Britain  a  combina- 
tion of  both  methods  is  to-day  in  use.  Under  an  agreement 
between  the  Messrs.  Martin  and  Dr.  Siemens  the  open-hearth 
process  as  developed  by  them  was  called  the  Martin-Siemens 
process  on  the  Continent  and  the  Siemens-Martin  process  in 
Great  Britain.  In  tliis  country  this  process*  is  uniformly 
styled  the  Siemens-Martin  process.  The  credit  of  introduc- 
ing the  "  pig  and  scrap  "  method  into  this  country  is  due  to 
the  Hon.  Abram  S.  Hewitt,  of  New  York,  who  was  favorably 
impressed  with  it  when  visiting  the  Paris  Exposition  in  1867 
as  a  commissioner  of  the  United  States.  At  his  request  Mr. 
Frederick  J.  Slade,  his  assistant,  went  to  Sireuil  to  study  the 
process  that  it  might  be  put  into  practice  in  this  country. 

Dr.  Siemens  and  the  Messrs.  Martin  obtained  patents  in 
this  country  for  the  use  of  their  respective  processes  for  man- 
ufacturing steel,  apd  Dr.  Siemens  also  obtained  American  patr 
ents  for  the  Siemens  gas  furnace.  The  validity  of  the  Mar- 
tin patents  in  this  country  was  never  sustained  by  the  courts. 

The  open-hearth  process  in  the  manufacture  of  steel  did 
not  originate  with  either  Dr.  Siemens  or  the  Martins,  having 
been  proposed  and  experimented  with  by  various  other  in- 
ventors prior  to  their  connection  with  it,  among  whom  Jo- 
siah  Marshall  Heath  was  most  prominent  as  early  as  1845, 
but  it  is  entirely  just  to  add  that  it  was  not  made  a  success 
until  the  great  heat  supplied  by  the  Siemens  regenerative 
gas  furnace  was  applied  to  it. 

In  the  conversion  into  ateel  of  the  raw  materials  used  in 
the  open-hearth  process  the  invention  of  Mr.  Mushet,  describ- 
ed in  the  preceding  chapter,  is  indispensable.  The  dephos- 
phorizing process  of  Messrs,  Thomas  and  Gilchrist  is  also 
applicable  to  the  manufacture  of  steel  in  the  open-hearth 
when  tlie  materials  to  be  used  contain  a  large  percentage  of 
phosphorus. 

On  the  Ist  of  December,  1862,  Park,  McCurdy  &  Co.,  of 
Pittsburgli,  sent  Lewis  Powe,  the  manager  of  their  copper 
works,  to  England  to  study  the  manufacture  of  tinplates. 
While  there  he  visited  Birmingham  and  saw  a  Siemens  gaa 
furnace  and  procured  one  of  the  Siemens  pamphlets  contain- 
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ing  a  full  description  of  it  On  his  return  home  he  called 
the  attention  of  Mr.  James  Park,  Jr.,  to  the  merits  of  the 

furnace.    Immediately  after  Julv  4, 1863.  the  erection  of  a 

•  •      •  • 

Siemens  gas  furnace  was  commenced  at  the  copper  woiIls. 
This  furnace  was  erected  for  the  purpose  of  melting  and  re- 
fining copper,  and  was  completed  on  the  14th  of  August,  1863. 
It  was  constructed  after  the  drawings  contained  in  the  Sie> 
mens  pamphlet  and  worked  well.  In  the  fall  of  1863  Mr. 
Powe  revisited  England,  and  while  there  had  an  interview 
with  Dr.  Siemens.  Soon  afterwards  the  firm  of  Park,  Broth- 
er &,  Co.  built  a  Siemens  furnace  to  heat  steel,  but  it  was  not 
a  success.  In  1864  James  B.  Lyon  <fe  Co.,  of  Pittsburgh,  built 
a  Siemens  gas  furnace  for  making  glass.  The  enterprise, 
however,  although  mechanically  successful,  met  with  an  ac- 
cident which  suddenly  brought  it  to  an  end.  This  furnace 
was  also  constructed  after  published  designs.  The  introduc- 
tion into  this  country  of  the  Siemens  furnace  bv  each  of  the 
above-named  firins  was  accomplished  in  an  ^irregular  manner, 
without  first  obtaining  licenses  from  Dr.  Siemens. 

The  first  Siemens  gas  furnace  that  was  regularly  intro- 
duced into  this  country  for  any  purpose  was  built  by  John 
A.  Griswold  &  Co.,  at  Troy,  New  York,  and  used  as  a  heating 
furnace  in  their  rolling  mill,  the  license  having  been  granted 
on  the  18th  of  September,  1867.  The  next  gas  furnace  that 
was  regularly  introduced  was  used  as  a  heating  furnace  by 
the  Nashua  Iron  and  Steel  Company,  of  New  Hampshire, 
the  license  for  which  was  grante<l  on  the  26th  of  September, 
1807.  Tlie  next  furnace  that  was  regularly  introduced  was 
l>uilt  by  Anderson  <fe  Woods,  of  Pittsburgh,  for  melting  steel 
in  \K}iSj  the  license  for  which  was  dated  in  November,  1867. 
About  1869  the  owners  of  the  Lenox  plate-glass  works,  in 
Massachusetts,  also  built  a  Siemens  gas  furnace.  All  of  these 
furnaces  gave  satisfaction. 

The  first  open-hearth  furnace  introduced  into  this  countr}' 
for  the  manufacture  of  steel  by  the  Siemens-Martin  proce&s 
was  liuilt  in  1868  by  Frederick  J.  Slade  for  Cooper,  Hewitt 
&  Co.,  owners  of  the  works  of  the  New  Jersey  Steel  and  Iron 
Company,  at  Trenton,  New  Jersey.  The  building  of  this  fur- 
nace was  commenced  in  the  spring  of  1868,  and  in  December 
of  the  same  year  it  was  successfully  put  in  operation. 
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The  Pemot  furnace  is  a  modification  of  the  open-hearth 
process  which  has  been  introduced  into  the  United  States 
from  France,  but,  while  producing  good  steel,  it  ia  not  likely 
to  grow  in  favor  because  of  the  great  trouble  and  expense 
which  are  necessary  to  keep  it  in  working  order.  The  Pon- 
sard  furnace  is  another  modification,  but  it  has  not  been  ex- 
perimented with  in  this  conntrj'  and  is  not  likely  to  be. 

The  first  successful  application  in  this  country  of  the 
Siemens  regenerative  gas  furnace  to  the  puddling  of  iron  was 
made  under  the  direction  of  William  F.  Durfee  at  the  roll- 
ing mill  of  the  American  Silver  Steel  Company,  at  Bridge- 
port, Connecticut,  in  1869.  Prior  to  this  event  an  unsuccess- 
ful attempt  was  made  to  accomplish  the  same  result  at  the 
Eagle  rolling  mill  of  James  Wood  &  Co.,  on  Saw  Mill  run, 
near  Pittsburgh. 

Experimental  works  were  erected  at  Pittsburgh  in  1877 
by  Park,  Brother  &  Co.,  in  conjunction  with  Miller,  Metcalf 
&  Parkin,  for  the  manufacture  of  refined  iron  directly  from 
the  ore  by  a  process  invented  by  Dr.  Siemens  and  success- 
fully tested  by  him  at  his  experimental  works  at  Towcester, 
England.  The  process  embodies  the  application  of  the  Sie- 
mens gas  furnace.  The  experiment  was  abandoned  in  1879, 
the  results  not  being  satisfactory.  The  same  process  was 
subsequently  applied  at  Tyrone  Forges,  in  Pennsylvania,  by 
Anderson  &  Co.,  of  Pittsburgh.  In  1881  Robert  J.  Anderson 
and  his  associates,  under  the  name  of  the  Siemens-Anderson 
Steel  Company,  built  extensive  works  of  the  same  character 
at  Pittsburgh.  Neither  the  enterprise  at  Tyrone  Forges  nor 
the  last-mentioned  enterprise  at  Pittsburgh  was  long  in  op- 
eration. Other  processes  for  the  manufacture  of  iron  or  steel 
directly  from  the  ore  have  been  tried  in  this  country  and 
have  commended  themselves  more  or  less  to  popular  fav9r, 
all  being  used  in  connection  with  the  open-hearth  furnace. 
The  Adams  direct  process  has  been  in  use  at  Indianapolis, 
Indiana,  and  at  Pittsburgh.  Some  preparations  have  been 
made  to  introduce  it  at  other  places.  The  Carbon  Iron  Com- 
pany lias  in  successful  operation  at  Pittsburgh  another  direct 
process ;  and  at  Brewster,  in  Putnam  county,  New  York,  the 
Conley-Lancaster  direct  process  has  attracted  some  attention. 

In  an  official  report  by  Dr,  Wm.  M.  Sweet,  special  agent 
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for  the  collection  of  the  statistics  of  iron  and  steel  in  the 
census  year  1890,  dated  on  October  31, 1890,  we  find  the  fol- 
lowing statement  concerning  the  manufacture  of  basic  open- 
hearth  steel  in  the  United  States, 

The  flrat  baaic  steel  ma<Je  in  the  United  States  was  prodoced  experi- 
mentally at  Steelton,  Pennsylvania,  by  the  PennBvlvania  Steei  Company, 
on  May  24,  1884,  in  a  Beeeemer  converter.  The  beginning  of  the  raajiu- 
facture  of  basic  eteel  in  thia  country  as  a  commercial  product,  however, 
dates  from  1888,  on  the  28th  of  March  of  which  year  the  flrst  basic  open- 
hearth  steel  was  prodoced  at  the  Homestead  eteel  works  of  Canie^ie, 
Phipps  &  Company  Limited,  at  Homestead,  near  Pittsburgh,  Pennsyl- 
vania. Since  that  date  the  manuiacture  of  basic  open-hearth  steel  has 
been  continued  at  these  worfes,  and  during  1890  this  firm  commenced  the 
erection  of  eight  additional  open-hearth  ftirnaces  for  the  manufacture  of 
basic  steel,  of  which  nimiber  four  are  now  in  operation  and  the  remain- 
ing four  furnaces  are  expected  to  be  ready  for  working  in  a  short  time. 
When  completed  these  works  will  contain  16  open-hearth  furnaces  pre- 
pared to  raauufecture  baaic  ateel.  The  manufacture  of  basic  steel  is  now 
also  regularly  carried  on  at  the  Steelton  works  of  the  Pennsylvania  Steel 
Company,  where  a  combination  of  the  Bessemer  and  open-heartli  proc- 
esses is  used.  During  1890  the  Henderson  Steel  and  MaQU&ctoring 
Company,  at  Birmingham,  Alabama,  produced  steel  experimentally  by  the 
basic  process.  Since  the  cloee  of  the  census  year  the  Southern  Iron 
Company  has  successfiilly  commenced  the  manufacture  of  baaic  open- 
hearth  steel  at  its  works  at  Chattanooga,  Tennessee,  [the  exact  date  of 
this  event  being  September  IS,  1890.]  The  Pottstown  Iron  Comftany,  at 
Pottstown,  Pennsylvania,  has  also  produced  steel  by  the  basic  procees. 

The  total  production  of  basic  steel  in  the  United  States  during  the 
census  year  1890  [ending  on  June  30, 1890,]  amounted  to  02,173  tons  of 
2,000  pounds,  nearly  all  of  which  was  made  by  the  basic  open-hearth 
metliod,  a  small  part  being  produced  by  the  duplex  process,  a  combina- 
tion of  the  Bessemer  and  ojien-hearth  methods. 

The  production  of  basic  steel  by  the  open-hearth  and  du- 
plex processes  in  the  calendar  year  1890  probably  amount- 
ed to  about  90,000  net  tons,  or  over  one-seventh  of  the  open- 
hearth  production  of  the  year.  On  August  24,  1891,  basic 
st^el  was  successfully  produced  in  the  Bessemer  converter 
of  the  Southern  Iron  Company,  at  Chattanooga,  Teimessee. 
This  was  the  first  basic  Bessemer  steel  produced  m  the  South. 

The  production  of  open-hearth  steel  in  the  United  States 
in  1870  was  only  1,500  net  tons,  and  in  1873  it  was  only  3,500 
tons.  The  production  in  the  census  year  1880  was  84,302  net 
tons.  Only  9,105  tons  of  rails  were  made.  At  the  close  of 
the  census  year  1880  there  were  37  completed  open-hearth 
furnaces  in  the  United  States.    Since  1884  the  production  of 
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open-hearth  steel  lias  steadily  increased,  amounting  in  1890  to 
574,820  net  tons.  Only  4,018  tons  of  rails  were  made,  nearly 
all  in  California.  The  total  number  of  completed  open-hearth 
steel  works  in  the  Unite<l  States  at  the  close  of  1890  was  62. 

Our  oi>en-hearth  steel  industry  is  already  an  important 
factor  in  supplying  the  domestic  demand  for  steel  for  all 
purposes  for  wJiich  Bessemer  steel  and  the  ordinary  qualities 
of  crucible  steel  may  be  used.  This  industry  is  destined  to 
be  still  further  developed  in  the  immediate  future. 

The  following  table  shows  in  net  tons  the  production  of 
open-hearth  steel  in  the  Unit«d  States  from  1870  to  1890. 


Ye*re. 

».,„. 

Year.     "" 
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J^ — 
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an...^ 

1882 

Great  Britain  is  the  largest  producer  of  open-hearth  steel 
in  the  world,  and  in  this  branch  of  the  steel  industry  the 
United  States  is  still  a  long  distance  behind  its  great  iron 
and  steel  rival.  Only  a  small  part  of  Great  Britain's  annual 
production  is  made  by  Ihe  basic  process.  The  following  table 
gives  in  gross  tons  the  production  of  open-hearth  steel  in 
Great  Britain  from  1879  to  1890. 
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176^00 
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838,000 
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The  distinguished  scientist,  Dr.  Charles  William  Siemens, 
died  suddenly  at  London,  on  November  20, 1883,  of  rupture 
of  the  heart,  produced  by  a  fall  in  Park  Lane.  He  was  born 
at  Lentlie,  in  fl!aflover,  on  the  4th  of  April,  1823,  and  was 
consequently  in  bis  61st  year  at  the  time  of  his  death.  In 
April  of  the  year  in  which  he  died  the  honor  of  knighthood 
was  conferred  upon  him  for  his  distinguished  services  as  a 
scientist.    He  was  thereafter  known  as  Sir  William  Siemens, 
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CHAPTER   XLVIII. 

THE   EJLKLY   HIi?TORY  OF  IRON   RAILS  IX  THE 

rXITED  STATE?. 

The  influeiicie  of  railroad?  upon  the  deTelopment  of  the 
iron  and  steel  industries  of  the  United  States  has  been  so 
great  that  we  may  appzop^iatelj  present  in  this  chapter  the 
leading  facts  connected  with  the  laying  of  the  first  rails  ui>on 
American  railroads  and  with  the  manufacture  of  the  first 
American  rails. 

The  first  railroads  in  the  United  States  were  built  to 
haul  graveL  stone,  mineral  coal,  and  other  heavy  materials, 
and  were  all  short,  the  longest  not  exceeding  a  few  miles  in 
length.  Strictly  speaking  they  were  tram  roads  and  not  rail- 
roads. One  of  these  was  built  on  Beacon  HiU,  in  Boston,  by 
Silas  Whitney,  in  1S07 ;  another  by  Thomas  Leiper,  in  Dela- 
ware countv,  Pennsvlvania.  in  1S09 :  and  another  at  Bear 
Creek  furnace,  in  Armstrong  county,  Pennsylvania,  in  1818. 
The  tracks  of  these  roads  were  composed  of  wooden  rails. 
Other  short  tramroads  were  built  at  various  places  early  in 
this  century  and  were  similarly  constructed.  In  George  W. 
Snuth's  notes  on  W\xxi's  Tnati^  o-i  Bailrooils  (1832)  it  is 
state*!  that  in  ISIO  the  tirst  railnxid  in  the  United  St^Ues 
on  which  self-acting  inclinevl  phmes  were  used  was  '*  built 
by  Mr.  Boggs/'  on  the  Kiskiminetas  river,  in  Western  Penn- 
svlvania. This  road  was  used  to  convev  bituminous  coitl  to 
Andrew  Boggs's  sstlt  works  below  Saltsburg. 

Prior  to  1S09  Oliver  Evans,  of  Philadelphia,  to  whom 
as  much  as  to  any  other  |>erson  the  honor  of  inventing  the 
Itxomotive  is  due,  urged  in  repeated  addresses  to  the  public 
the  construction  of  a  passenger  railroad  from  Philadelphia  to 
New  York,  and  in  that  year  he  unsuccessfully  attempted  to 
form  a  company  for  this  purpose.  In  1S12  Colonel  John  Ste- 
vens, of  Hoboken,  New  Jersey,  published  a  pamphlet  reconi- 
memling  the  building  of  a  passenger  railroad  from  Albany 
to  Lake  Erie,  but  his  suggestions  were  not  heeded.  In  the 
HtJffory  of  Morris  County,  New  Jersey,  Mr.  Halsey  says  :  *'  As 


'iron  in  all  ages.  427 

earlj'  as  1815  u  railroad,  either  of  wood  or  iron,  was  char- 
tered from  the  Delaware  river  uear  Trenton  to  the  Raritan 
near  New  Brunswick.  This  was  the  first  railroad  chartered 
in  America.     It  was  never  built^" 

On  April  7, 1823,  the  New  York  legislature  chartered  the 
Delaware  and  Hudson  Canal  Company  to  construct  a  canal 
and  railroad  from  the  coal  fields  of  Pennsylvania  to  the 
Hudson  river  at  Rondout,  in  New  York.  The  canal  was 
completed  in  1828,  but  the  railroad  was  not  completed  until 
1829.  The  latter  was  16  miles  long,  and  extended  from 
Honesdale  to  Carbondale.     It  was  built  to  carry  coal. 

In  1826  the  Quincy  Railroad,  in  Massachusetts,  4  miles 
long,  including  branches,  was  built  by  Gridley  Bryant  and 
Colonel  T.  H.  Perkins  to  haul  gratiit*  blocks  from  the  Quincy 
quarries  to  the  port  of  Neponset.  The  rails  of  this  road  were 
made  of  wood,  but  strapped  with  iron  plates  3  inches  widi> 
and  i  of  an  inch  thick.  In  1827  the  Mauch  Chunk  Railroad, 
in  Carbon  county,  Pennsylvania,  9  miles  long,  with  4  miles  of 
sidings,  was  built  to  connect  the  coal  mines  of  the  Lehigli 
Coal  and  Navigation  Company  with  the  Lehigh  river.  Its 
rails  were  made  of  wood  and  strapped  with  iron.  Gordon, 
in  his  Gazeiteer  of  Uie  SicUe  of  Pmnsylvavta,  says  of  this  roiid  i 
"  The  railwaj'  is  of  timber,  about  20  feet  long,  4  inches  by  5, 
and  set  in  cross-pieces  made  of  cloven  trees  placed  3^  feet 
from  each  other  and  secured  by  wedges.  The  rail  is  shod  on 
the  upper  and  inner  edge  with  a  flat  bar  of  iron  2i  inches 
wide  and  f  of  an  inch  thick."  In  the  Philadelphia  Eail- 
laay  Worhi  for  May  8, 1875,  Mr.  Solomon  W.  Roberts  says  of 
the  Mauch  Chunk  road :  "  It  was  laid  mostly  on  the  turnpike, 
and  was  a  wooden  track,  with  a  gauge  of  3  feet  7  inches,  and 
the  wooden  rails  were  strapped  with  common  merchant  bar 
iron,  the  flat  bars  being  about  Ij^  inches  wide  and  f  of  an 
incli  thick.  The  holes  for  the  spikes  were  drilled  by  hand. 
Although  a  great  deal  of  bar  iron  of  somewhat  varying  sizes 
was  bought  for  the  purpose  the  supply  fell  short,  and  to 
prevent  delay  in  opening  the  road  strips  of  hard  wood  were 
spiked  down  in  place  of  iron  on  about  a  mile  and  a  half  or 
two  miles  of  the  road,  as  a  temporary  expedient." 

Mr.  Roberts  relates  that  the  Lehigh  Coal  and  Navigation 
Company  made  a  short  section  of  experimental  railroad  at  its 


Mauch  Chunk  foundry  in  the  eummer  of  1826.  "  The  idea 
then  was  to  make  a  road  with  rails  and  chairs  of  cast  iron, 
Hke  those  in  use  at  the  coal  rainea  in  the  North  of  England. 
After  casting  a  good  many  rails,  each  about  four  feet  long,  the 
plan  was  given  up  on  account  of  its  being  too  expensive," 

In  1826  the  New  York  legislature  granted  a  charter  for 
the  construction  of  the  Mohawk  and  Hudson  Railroad,  for 
the  carriage  of  freight  and  passengers  from  Albany  to  Sche- 
nectady, a  distance  of  17  miles.  Work  on  this  road,  however,  j 
was  not  commenced  until  August,  1830.  It  was  opened  for 
travel  on  September  12, 1831. 

On  February  28, 1827,  the  Maryland  legislature  granted  a 
charter  for  the  construction  of  the  Baltimore  and  Ohio  Rail- 
road, which  was  the  first  railroad  in  the  United  States  that 
was  opened  for  the  conveyance  of  passengers.  Its  constmc- 
tion  was  commenced  on  July  4,  1828,  the  venerable  Charles 
Carroll,  of  Carrollton,  laying  the  corner-stone.  In  1829  the 
track  was  hnished  to  Vinegar  Hill,  a  distance  of  about  7 
miles,  and  "  cars  were  put  upon  it  for  the  accommodation  of 
the  officers  and  to  gratify  the  curious  by  a  ride."  Mr.  Poor, 
in  his  ^fanv<ll  of  the  Bailroads  of  the  United  StcUa,  says  that 
the  road  was  opened  for  travel  from  Baltimore  to  Ellicott's 
Mills,  a  distance  of  13  miles,  on  May  24. 1S30.  The  Washing- 
ton branch  was  opened  from  Relay  to  Bladensburg  on  July 
20,  1834,  and  to  Washington  City  on  August  25,  lSa4. 

The  nest  passenger  railroad  that  was  undertaken  in  the 
United  Stat^  was  the  Charleston  and  Hamburg  Railroad,  in 
SouUl  Carolina,  which  was  chartered  on  December  19, 1827, 
Six  miles  of  Uie  road  were  completed  in  1829,  but  they  were 
not  openwl  to  the  public  until  December  6,  1830,  when  a  lo- 
comotive was  placed  on  the  track.  The  road  was  complet- 
(h1  ill  September,  1833,  a  distance  of  135  miles.  At  that  time 
It  wiu  Uio  longest  continuous  line  of  railroad  in  ih«  woild. 
Tho  Columbia  brancli  was  opened  on  November  1, 1840,  and 
t)ie  Camden  branch  on  June  26,  1848.  We  need  not  farther 
nolo  the  beginning  of  early  American  railroads. 

Tlu'  rails  used  on  the  Charleston  and  Hamburg  and  the 
Molmwk  and  Hudson  railroads  wctc  made  of  wood,  with  flat 
bar  iron  naiU<d  on  their  upper  surface.  A  writer  in  Brown's 
//iWiiiy  u/  the  First  Loemnotivet  in  America  says  that  the  track 
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of  the  Baltimore  and  Ohio  Railroad  consisted  of  cedar  cross- 
pieces  and  of  string-pieces  of  yellow  pine  "from  12  to  24  feet 
long  and  6  inches  square,  and  slightly  beveled  on  the  top  of 
the  upper  side  for  the  flange  of  the  wheels,  which  was  at  that 
time  on  the  outside.  On  these  string-pieces  iron  rails  were 
placed  and  securely  nailed  down  with  wrought-iron  nails,  4 
inches  long.  After  several  miles  of  this  description  of  road 
had  been  made  long  granite  slabs  were  substituted  for  the 
cedar  cross-pieces  and  the  yellow-pine  stringers.  Beyond 
Vinegar  Hill  these  huge  blocks  of  this  solid  material  could 
be  seen  deposited  along  the  track,  and  gangs  of  workmen 
engaged  in  tlie  various  operations  of  dressing,  drilling,  lay- 
ing, and  affixing  the  iron."  Brown  says  that  "  iron  strips 
were  laid,  for  miles  and  miles,  on  stone  curbs  on  the  Balti- 
more and  Ohio  Railroad,"  Appletons'  American  Cycloptedia 
says  that  the  iron  used  was  i  and  ^  of  an  inch  thick,  and 
from  2i  to  4^  inches  wide,  and  that  the  heads  of  the  spikes 
which  fastened  it  were  countersunk  in  the  iron. 

Before  the  Baltimore  and  Ohio  Railroad  had  been  built 
to  Point  of  Rocks  in  1832  "  wrought-iron  rails  of  the  English 
mode,"  says  Brown,  had  been  laid  down  on  a  part  of  the  line. 
It  had  been  found  in  practice  that  the  strap  rail  would  be- 
come loosened  from  the  wooden  or  stone  stringer,  and  that 
the  ends  of  it,  called  "  snakes'  heads,"  were  liable  to  bo  forced 
by  the  wheels  through  the  bottom  of  the  cars,  to  the  jeopardy 
of  the  passengers.  The  English  rails  obviated  tliis  inconve- 
nience and  risk.    Some  account  of  these  rails  is  here  given. 

About  the  time  when  the  Baltimore  and  Ohio  Railroad 
was  finished  to  Point  of  Rocks  various  patterns  of  heavy 
rolled  iron  rails  were  in  use  in  England.  The  first  of  these 
to  be  used  was  the  fish-bellied  rail,  which  was  invented  by 
John  Birkinshaw,  of  the  BedHngton  iron  works,  and  patented 
in  October,  1820,  and  which  fitted  into  a  cast-iron  chair.  A 
thin  wedge,  or  key,  of  wrought  iron  was  driven  between  the 
inside  of  the  chair  and  the  rail,  to  keep  the  latter  firmly  in 
its  place,  and  the  operation  of  "  driving  keys  "  had  to  be  re- 
peated almost  every  day. 

The  Birkinshaw  rail  was  used  on  the  Stockton  and  Dar- 
lington Railroad  in  England,  which  was  opened  in  September, 
1825,  and  was  the  first  railroad  in  the  world  that  was  opened 
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for  general  freight  traffic  and  passenger  travel.  The  greater  ( 
part  of  the  Stockton  and  Darlington  road,  which  was  37  miles 
long,  was  laid  with  rolled  rails  of  tliis  pattern,  weighing  28 
pounds  to  tlie  yard ;  a  small  part  of  the  line  was  laid  with 
fish-bellied  cast-iron  rails.  The  Liverpool  and  Manchester 
Kailroad,  which  was  opened  in  September,  1830,  and  which 
was  the  second  railroad  built  in  England  for  general  business 
in  the  transportation  of  freight  and  passengers,  used  rails 
which  were  also  of  the  Birkinshaw  pattern.  "  The  rails  used 
were  made  of  forged  iron,  in  lengths  of  15  feet  each,  and 
weighed  175  pounds  each.  At  the  distance  of  every  3  feet 
the  rail  rests  on  blocks  of  stone.  Into  each  block  two  holes, 
6  inches  deep  and  1  inch  in  diameter,  are  drilled ;  into  these 
are  driven  oak  plugs,  and  the  cast-iron  chairs  into  which  the 
rails  are  fitted  are  spiked  down  to  the  plugs,  forming  a  struct- 
ure of  great  solidity."    This  road  was  about  31  miles  long. 

The  Clarence  rail  was  an  English  improvement  on  the 
Birkinshaw  rail ;  it  also  rested  iu  a  chair,  but  it  did  not  liave  I 
the  fish-belly,  its  upper  and  lower  surfaces  being  parallel  to  ' 
each  other.    Rails  of  the  Clarence  pattern  were  used  on  the 
Allegheny  Portage  Railroad  in  Pennsylvania,  which  waa  fin- 
ished in  1833,  and  many  of  the  stone  blocks  on  which  they 
were  laid  can  yet  be  seen  in  its  abandoneti  bed.     The  Co-  f 
lumbia  and  Philadelphia  Railroad   was  opened  on  the  16th  I 
of  April,  1834.     On  a  small  part  of  this  road  fiat  rails  were  j 
laid,  either  directly   on  granite  blocks  or  on  wooden   string-  I 
pieces,  but  on  the  greater  part  of  it  Clarence  rails  were  laid  J 
on  stone  blocks.     On  the  Boston  and  Lowell  Railroad,  which! 
was  chartered  in  June,  1830,  and  completed  in  1835,  stone 
cross-ties  were  at  first  laid,  some  of  which  were  in  use  as  late  j 
as  1852.     On  one  track  of  this  road  the  fish-bellied  Birkin- 
sliaw  rail  was  used  and  on  the  other  the  H  rail  was  laid. 
This  rail,  wliich  rested  in  a  chair,  had  a  web,  or  flange,  simi- 
lar to  that  of  the  modem  T  rail.     The  H  rail  was  laid  on 
the  Washington  branch  of  the  Baltimore  and  Ohio  Railroad. 
It  waa  15  feet  in  length,  weighed  40  pounds  to  the  yard,  and 
was  laid  on  string-pieces  of  wood.     Wooden  cross-ties  have 
been  substituted  for  stone  blocks  on  all  American  railroads: 

The  flat  rail  which  was  first  used  on  American  railroads  ] 
continued  in  use  for  many  years,  notwithstanding  the  diffi- 
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culty  experienced  in  keeping  it  in  its  place.  At  first  the  holes 
for  the  spikes  were  drilled  by  hand.  The  flat  rails  that  were 
afterwards  made  were  indented,  or  countersunk,  at  regular 
distances  in  their  passage  through  the  rolls.  The  centre  of 
the  countersunk  surface  was  then  punched  through  for  the 
admission  of  the  spike.  As  late  as  1837,  when  the  Erie  and 
Kalamazoo  Railroad  was  in  course  of  construction  from  To- 
le<lo  to  Adrian,  it  was  proposed  to  put  down  wooden  rails  of 
oak  studding  4  inches  square,  and  to  draw  the  cars  by  horses. 
But  wiser  counsels  prevailed,  and  by  great  exertions  sufficient 
funds  were  obtained  lo  enable  the  management  to  iron  the 
road  with  flat  rails  J  of  an  inch  thick.  In  1839  the  first 
railroad  in  Ilhnois,  known  as  the  Northern  Cross,  which  now 
forms  a  part  of  the  Wabash  system,  was  completed.  The  road 
extended  from  Jacksonville  to  Meredosia,  a  distance  of  24 
miles  i  it  was  built  by  the  Stflte  and  laid  with  flat  iron.  Mr. 
Poor  Says;  "It  was  not  until  1S50  that  the  longitudinal  sill 
and  the  flat  rail  were  entirely  removed  from  the  Utica  and 
Schenectady  Railroad,  the  most  important  hnk  in  the  New 
York  Central  line."  Flat  rails  were  in  use  on  many  other 
railroads  in  this  country  after  1850,  and  may  yet  be  seen  on 
some  Southern  railroads.  They  are  also  in  use  on  street  rail- 
roads and  on  some  mine  roads. 

The  following  extract  from  a  New  York  newspaper,  dated 
May  30, 1844,  shows  the  risk  to  which  travelers  were  subject- 
ed who  journeyed  on  railroads  the  tracks  of  whicli  were  laid 
with  flat  rails. 

Railroad  Casil'altv. — Tlie  van  on  the  railroad  a  shtrt  distance  itaet  of 
I  Kome,  New  Yorlt,  came  in  contact  with  a  "  snake  head  "  on  Saturiiay  room- 
ing whii'h  thnw  eeveral  of  the  paseeiiger  cara  and  the  mail  car  off  the 
■   traielc.     The  cruah    was   tremendfins.  and  tlie  cars  were  torn   to   Bplinterw, 
though  hajipily  no  livea  were  lost.    Mr.  Peter  Van  Wie  was  badly  bruimil 
and  Home  others  slightly  iajiircd. 

Cast-iron  rails  were  made  in  this  country  in  small  quan- 
tities during  the  early  years  of  our  railroad  history,  notwith- 
standing the  unfavorable  experiment  in  their  use  at  Mauch 
Chunk  which  is  noted  by  Mr.  Roberts,  Johnson,  in  his  Notes 
on  the  Use  of  AnOiracite,  published  in  1841,  records  a  series  of 
tests  made  in  that  year  with  rails  for  mine  roads  which  were 
cast  in  a  foundry  from  pig  iron  made  at  the  Pottsville  fur- 
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nace  of  William  Lyman,  These  rails  were  6  feet  long  and 
were  of  various  weights.  It  is  particularly  stated  of  one  rail 
which  was  tested  that  it  was  "  intended  to  sustain  locomo- 
tives." The  rails  were  bulbous  at  both  the  top  and  bottom, 
like  the  double-headed,  or  H,  rail  now  used  in  England,  but 
at  each  end,  for  about  3  inches  along  the  base,  they  had 
flanges  for  securing  them  to  the  cross-ties,  which  caused  an 
end  view  of  them  to  resemble  that  of  a  modem  T  rail. 

Many  years  elapsed  after  the  first  railroad  was  built  in 
.  this  country  before  any  other  than  flat  iron  rails  were  made 
in  American  rolling  mills.  Among  the  proposals  to  furnish 
heavy  rails  for  the  Columbia  and  Philadelphia  Railroad,  re- 
ceived in  May,  1831,  tliere  were  none  for  American  rails,  and 
the  whole  quantity  was  purchased  in  England.  It  is  neces- 
sary to  explain  here  that  previous  to  the  passage  of  the 
tariff  act  of  September  11,  1841,  rails  were  admitted  into  the 
United  States  free  of  duty  when  proof  was  furnished  that 
tliey  had  actually  been  laid  on  railroads  and  inclined  planes. 
On  the  passage  of  that  act  and  the  more  comprehensive 
tariff  act  of  1842  American  capitalists  began  to  prepare  for 
the  manufacture  of  heavy  rails. 

Early  in  1844  there  were  still  no  facilities  in  this  country 
for  the  manufacture  of  heavy  iron  rails  to  supply  the  wants 
of  the  4,185  miles  of  American  railroad  which  existed  at  the 
heginijing  of  that  year,  and  of  a  few  hundred  additional 
miles  which  were  then  projected.  In  a  memorial  which  was 
laid  before  Congress  in  that  year  the  Hon.  John  Tucker,  the 
president  of  the  Philadelphia  and  Reading  Railroad  Com- 
pany, and  afterwards  Assistant  Secretary  of  War,  made  the 
following  declaration  under  date  of  May  4,  1844. 

Immediately  on  tlie  line  of  the  rotul  are  rich  mines  of  iron  ore.  Idst 
fiill  and  winter  it  was  generally  known  in  that  section  of  the  State  throngh 
whii'Ji  the  road  pasaeB,  as  well  as  on  other  portions  of  it,  that  this  company 
intended  to  lay  a  second  track,  and  that  about  6,300  tons  of  railroad  iron 
was  wanted.  Public  proposals  were  issued  for  all  the  mat^rialB  requii«d, 
except  the  iron.  The  iron  vaa  not  incliiiled  in  these  propoenls  for  the  sim- 
ple reason  that  I  knew  that  it  could  not  be  famished  in  this  country,  but  I 
had  interviews  wilh  several  of  the  largest  ironnnaBte™,  and  freely  expnsK- 
ed  my  desire  to  contract  for  American  railroad  iron,  provided  it  could  be 
iurnished  at  the  time  it  was  wanted.  I  received  no  proposition  to  deliver 
the  rolled  bars.  I  incloxe  a  copy  of  a  letter  Ih>m  one  of  the  largest  iron- 
mongers in  the  State,  offering  cast-iron  rails,  which,  I  presume  you  are 
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aware,  have  not  aiiewered  any  good  pitrpoee.  I  att»  inclose  a.  copy  of  my 
answer,  to  whioh  I  have  not  receiveil  a  reply.  I  unheal tatingly  express  lay 
conviction  that  thp  railroad  iron  needed  by  this  company  could  not  have 
been  obtained  in  this  country,  iit  the  time  they  required  it,  at  any  price; 
and  I  am  equally  confident  that  there  are  no  parties  ready  to  contract  to 
deliver  such  iron  for  a  long  time  to  come.  This  company  was  therefore 
compelled  Ut  import  their  iron. 

The  following  is  the  correspondence  referred  to  above 
concerning  the  proposition  to  make  cast-iron  rails  for  the 
Philadelphia  and  Reading  Railroad  Company. 

PHiLAuKLpniA,  November  7, 1843. 

Mr. TucKKB.  Deab  Sir:  Since  my  conversation  with  you,  in  relation 
!<:>  substituting  cast-iron  rails  for  your  new  track  of  mils  which  you  contem- 
plate laying  soon,  I  have  concluded  to  propose  to  yon  that  I  shoold  cast 
eighteen  bar-rails  l-'i  feet  long  from  the  model  in  the  Franklin  Institute,  as 
a  sample  of  the  strength  and  durability  of  rails  made  froD)  cast  iron.  The 
price  to  be  $30  per  ton  cash  upon  delivering  at  Broad  street. 

With  respect,  yours,        Clb>(k?(t  B.  TIrubb. 

Direct  Jjincnster,  Pennsylvania. 

Office  of  tub  Pitiladbli'Iiia  and  Rbadiko  Raiijioad  Company,! 
I  Philadelphia,  November—,  1843.       / 

Clexekt  B.  Gri'bd,  Esq.,  Lamittln;  Dctii  Sib  :  1  duty  received  your 
communication  of  the  7th  instant  This  company  is  not  dieposed  to  make 
any  experiment  with  the  caet-iron  rails  on  their  own  account.  But  if  you 
choose  to  send  the  eighteen  bars  they  shall  be  laid  on  the  road ;  and  if, 
after  a  trial  of  six  tiiontliB,  tlicy  are  found  to  answer  a  good  purpose  the 
company  will  pay  you  J30  per  ton  for  the  rails.  If  they  are  not  suilable  for 
the  road  they  will  then  be  delivered  to  you,  the  comi>any  merely  incurring 
the  expense  of  laying  down  and  taking  up  the  rails. 

Your  obedient  servant,       John  Tuckkb,  Preddmt. 

No  reply  to  this  letter  was  received.  The  8,300  tons  of 
rails  which  were  wanted  by  Mr.  Tucker,  and  which  he  was 
compelled  to  buy  in  England,  were  of  the  H  pattern,  then 
very  popular.  The  rails  weighed  60  i>ounds  to  the  yard  and 
cost  £5  10s.  per  ton  in  England. 

In  a  letter  dater]  May  22, 1844,  which  formed  part  of  the 
above-mentioned  memorial  to  Congress,  Joseph  E.  Bloomfield 
made  the  following  statement. 

There  is  no  doubt  of  the  fact  that  there  are  no  establishments  for  the 
manufccture  of  railroad  iron  in  Pennsylvania  prepared  to  produce  a  moiety 
of  the  iron  required  for  the  railways  actually  commenced.  Mr.  Oakley,  of 
Brooklyn,  made  a  statement,  that  at  the  time  was  combated  and  denied, 
that  ho  could  furnish  from  one  set  of  works  10,000  tons  of  railroad  iron  per 
annum.  This  is  so  palpably  incorrect  that  it  needs  no  tethtation.  There 
is  no  iron  establishment  of  this  kind  in  this  country. 
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On  the  24th  of  April,  1844,  the  Hon.  Edward  Joy  Morris,, 
a  member  of  Congress  from  Pennsylvania,  declared  that  "not' 
a  ton  of  T  rail  had  yet  been   made   in   this  country." 

The  manufacture  of  heavy  iron  rails  in  this  country  waa: 
commenced  early  in  1844  at  the  Mount  Savage  rolling  mill, 
in  Alleghany  county,  Maryland,  which  was  built  in  1843  by 
the  Maryland  and  New  York  Iron  and  Coal  Company  espe- 
cially to  roll  these  rails.  The  first  rail  rolled  at  this  rolling 
niill,  and  in  honor  of  which  the  Franklin  Institute  of  Phila- 
delphia awarded  a  silver  medal  in  October,  1844.  (now  in  tha 
museum  at  Ince  Blundell,  Lancashire,  England,)  was  an  in- 
vertetl  U  rail,  known  in  Wales  as  the  Evans  patent,  of  the 
Dowlais  iron  works,  at  Mcrthyr  Tydvil.  It  was  intended  to 
be  laid  on  a  wooden  longitudinal  sill  and  to  be  fastened  to  it 
by  an  iron  wedge,  keying  under  the  sill,  thus  dispensing  with 
outside  fastenings.  This  rail  weighed  42  pounds  to  tlie  yard. 
About  500  tons  of  rails  of  this  pattern  were  rolled  early  in 
1844  and  laid  in  that  year  on  a  part  of  the  road  then  being 
built  between  Mount  Savage  and  Cumberland,  a  distance  of 
nine  miles.  In  that  year  rails  weighing  50  pounds  to  tlie 
yard  were  also  rolled  at  the  Mount  Savage  rolling  mill  for 
the  road  leading  from  Fall  River  to  Boston.  These  last  rails 
were  T  rails,  and  were  ordered  by  Colonel  Borden,  of  Fall 
River.  The  foregoing  information  we  have  obtained  from 
Mr.  Henry  Thomas  Weld,  of  Mount  Savage.  Mr,  Stephen 
S.  Lee,  of  the  old  firm  of  Manning  &  Lee,  of  Baltimore,  says 
that  iu  1845  and  1846  the  firm  sold  to  Boston  purchasers  T 
rails  which  were  made  at  Mount  Savage.  The  Mount  Savage 
rolling  mill  was  still  rolling  rails  as  late  as  1856,  but  waa 
dismantled  in  1875,  after  having  been  abandoned  for  many 
years.  Mr.  Weld  tells  us  that  U  rails  were  in  use  in  the  sid- 
ings of  the  Cumberland  and  Pennsylvania  Railroad  as  late  as 
1869.    We  have  a  piece  of  an  inverted  U  rail  iu  our  office. 

The  Montour  rolling  mill,  at  Danville,  Pennsylvania,  waa 
built  in  1845  expressly  to  roll  rails,  and  it  is  claimed  that  here 
were  rolled  in  October  of  that  year  the  first  T  rails  made  is 
the  United  States.  The  facts  above  presented  give  tliis  hon- 
or to  the  Mount  Savage  rolling  mill.  T-rail  rolls  were  made 
for  the  Montour  rolling  mill  by  Haywood  &  Snyder,  pro- 
prietors  of  the  Colliery  iron  works  at  Pottaville,  the  work 
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being  clone  at  their  branch  establishment  at  Danville.  The 
Boston  iron  works  were  started  in  January,  1824,  to  manufact- 
ure cut  nails,  lioops,  and  tack  plates,  but  they  subsequently 
rolled  rails,  and  on  the  titli  of  May,  1846,  they  rolled  the  first 
T  rails  in  Massachusetts,  Ralph  Crooker  being  superintend- 
ent. In  1845  the  rolling  mill  of  Cooper  &  Hewitt  was  built 
at  Trenton,  New  Jersey,  to  roll  heavy  rails,  and  on  the  19th 
of  June,  1846,  their  first  T  rail  was  rolled.  About  the  1st  of 
September,  1846,  the  New  England  Iron  Company,  at  Provi- 
dence, Rhode  Island,  commenced  to  roll  T  rails.  The  first 
lot  of  these  rails  rolled  bj'  the  company  was  delivered  to  the 
Providence  and  Worcester  Railroad  on  September  11,  1846. 
T  rails  were  rolled  in  November,  1846,  at  Phcenixville,  Penn- 
sylvania ;  in  the  fall  of  the  same  year  at  the  Great  Western 
iron  works  at  Brady's  Bend,  Pennsylvania,  and  at  the  Lack- 
awanna iron  works  at  Scranton,  Pennsylvania ;  early  in  1847 
at  the  Bay  State  rolling  mill,  in  Boston,  then  owned  by 
the  Massachusetts  Iron  Company;  in  January,  1848,  at  the 
Rough-and -Ready  rolling  mill  at  Danville,  Pennsylvania ; 
and  in  the  same  year  at  Safe  Harbor,  Pennsylvania.  On 
May  10, 1848,  Manning  &  Lee,  the  agents  of  the  Avalon  iron 
works,  near  Baltimore,  Maryland,  contractetl  to  obtain  at 
these  works  for  the  Baltimore  and  Ohio  Railroad  Company 
4(X)  tons  of  U  rails,  to  weigh  51  pounds  to  the  yard  and  to  be 
from  19  to  21  feet  in  length,  the  price  to  be  $65  per  gross  ton, 
delivered  at  Baltimore.  These  rails  were  made  in  1848.  All 
of  the  T  rails  made  at  the  mills  above  mentioned  were  roll- 
ed with  a  base  or  flange  similar  to  that  of  the  present  T  rail. 
Some  of  them  did  not  differ  greatly  from  the  H  rail,  and 
tfhen  laid  rested,  like  it,  in  a  chair.  Indeed  the  H  rail  was 
sometimes  called  the  T  rail.  A  few  other  mills  rolled  heavy 
rails  before  1850,  but  at  the  beginning  of  that  year,  owing  to 
the  severity  of  foreign  competition  under  the  tariff  of  1846, 
only  two  out  of  fifteen  rail  mills  in  this  country  were  in 
operation. 

In  a  letter  dated  December  26,  1849,  the  Hon.  Abram  S. 
Hewitt  described  the  state  of  our  iron-rail  industry  at  tliat 
time  in  the  following  language :  "  Of  fifteen  rail  mills  only 
two  are  in  operation,  doing  partial  work,  and  that  only  be- 
cause their  inland  position  secured  them  against  foreign  com- 
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petition  for  the  limited  orders  of  neighboring  railroads,  and 
when  these  are  executed  not  a  single  rail  mill  will  be  at  work 
in  the  land." 

From  A  History  of  the  Grouih  of  the  Bteam  Engine,  by  Rob- 
ert H.  Thurston,  we  learn  that  the  T  rail  which  is  now  in  gen- 
eral use  is  an  American  invention.  Professor  Thurston  says: 
"  Robert  L.  Stevens,  the  president  and  engineer  of  the  Cam- 
den and  Amboy  Railroad,  and  a  distinguished  son  of  Colonel  I 
John  Stevens,  of  Hoboken,  was  engaged,  at  the  time  of  the  ' 
opening  of  the  Liverpool  and  Manchester  Railroad,  in  the 
construction  of  the  Camden  and  Amboy  Railroad.  It  was  j 
here  that  the  first  of  the  now  standard  form  of  T  rail  was 
laid  down.  It  was  of  malleable  iron.  It  was  designed  by  ' 
Mr.  Stevens,  and  is  known  in  the  United  States  as  the  '  Ste- 
vens '  rail.  In  Europe,  where  it  was  introduced  some  years 
afterwards,  it  is  sometimes  called  the  '  Vignoles '  rail."  This 
name  is  derived  from  Charles  B.  Vignoles,  an  English  rail- 
road engineer,  who  visited  the  United  States  in  1817  and  re- 
mained here  several  years  in  the  practice  of  his  professiou. 
The  first  Vignoles  rail  appears  to  have  had  a  wider  base  and 
a  shorter  stem  than  the  Stevens  rail.  (See  lAfe  of  Charleg 
Blacker  Viijnoles,  by  his  son,  1889,  page  224.)  Professor  Thurs- 
ton adds  that  a  part  of  the  track  of  the  Camden  and  Ani 
boy  Railroad  at  Bordentown  was  laid  down  and  opened  for 
business  in  1831.  T  rails  were  laid  on  the  whole  line,  which  | 
crossed  the  State  of  New  Jersey. 

Tlirougli  the  courtesy  of  Professor  Thurston  we  have  been  1 
furnished  with  a  fac-aimife  of  the  circular  issued  by  Mr.  Ste-  ' 
vens  in  1830,  inviting  proposals  from  British  manufacturers 
for  supplying  the  Camden  and  Amboy  liailroad  with  T  rails. 
It  will  be  found  in  our  report  on  iron  and  steel  forming  a  | 
part  of  the  tenth  census  (1880)  of  the  United  States,    In  this  I 
circular  Mr.  Stevens  specified  that  the  rail  which  he  desired 
to  have  rolled  should  have  a  base,  stem,  and  head  like  the 
T  rail  of  the  present  day,  the  rail  to  be  12  or  16  feet  long, 
and  to  be  laid  on  cross-ties,  but  that  it  slionld  have  "  projec- 
tions on  the  lower  flange  at  every  two  feet,"  where  it  would 
rest  on  the  ties. 

The  sides  of  the  rails  rolled  for  Mr.  Stevens  were  made  I 
straight,  and  witliout  "the  projections  on  the  lower  fiango  at 
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every  two  feet"  which  were  specified  in  hia  circular.  These 
projections  were  intended  to  serve  the  purposes  of  the  chairs 
then  in  use,  by  giving  a  broad  base  to  the  rail  at  its  connec- 
tion witli  the  crosa-ties.  They  were,  of  course,  not  necessary, 
but  tliat  the  rails  were  rolled  without  tlieni  was  clearly  not 
in  accordance  with  Mr.  Stevens's  original  design.  However, 
he  may  truthfully  be  said  to  have  invented  the  T  rail.  It 
was  the  first  heavy  rail  made  which  dispensed  with  chairs. 

Mr.  Francis  B.  Stevens,  of  Hoboken,  New  Jersey,  a  neph- 
ew of  Robert  L.  Stevens,  has  supplied  us  in  the  following 
letter  with  much  valuable  additional  information  concerning 
the  history  of  the  T  rail. 

IIoBOKEN,  Nbw  Jerszy,  Mbj  31,  1881, 

Dear  Sib  ;  In  answer  to  your  letter  of  tlie  27th  instAnt  I  will  Bay  that 
I  have  always  believed  that  Robert  L.  Stevens  waa  the  inventor  of  wliat  is 
called  the  T  rail,  and  also  of  the  metliod  of  fliHteniDg  it  by  spikes,  and  I 
have  never  known  his  right  to  the  invention  questioned. 

The  rail  of  the  Liverpool  and  Manchester  Railroad,  on  its  opening,  in 
September,  1630,  was  of  wrought  iron,  divided  into  fish-bellied  sections, 
each  section  being  supported  by  a  caet-iron  chair,  to  whieh  it  was  secured 
by  a  wooden  wedge.  This  form  was  derived  from  the  old  cast-iron  flsh- 
beilied  tram  rail,  caat  in  single  sections,  each  about  36  inches  long,  Thia 
wroitght-iron  rail  was  afterwards  improved  by  making  its  bottom  atraight 
uniformly  throughout  its  length. 

Mr.  Stevens's  invention  consisted  in  adding  the  broad  flange  on  the 
bottom,  with  a  baae  sufficient  to  carry  the  load,  and  shaped  so  that  it  could 
be  secured  to  the  wood  l>elow  it  by  spikes  with  hooked  heads :  thns  dis- 
pensing with  the  caslriron  chair,  and  making  the  rail  and  its  fiuit«niDg  such 
as  it  now  is  In  common  use.  In  the  year  1836  and  frequently  afterwards  he 
spoke  to  me  about  his  invention  of  this  rail,  and  told  me  tliat  in  London, 
after  unsuccesstiil  applications  elsewhere  in  England,  shortly  afier  the  open- 
ing of  the  Liverpool  and  Manchester  Railroad,  he  had  applied  to  Mr.  Goest, 
a  member  of  Parliament,  who  had  lat^  rolling  mills  in  Wales,  to  take  a 
contract  to  make  his  raU  for  the  Camden  and  Amboy  Railroad,  of  which  he 
was  the  chief  engineer ;  that  Mr.  Guest  wished  to  take  the  contract,  but 
considered  that  it  would  be  impracticable  to  roll  the  rail  straight;  that, 
finally,  Mr.  Guest  ^jreed  to  go  to  Wales  with  him  and  make  a  trial ;  that 
great  difficulty  was  at  first  experienced,  as  the  rails  coming  from  the  rolls 
curled  like  snakes,  and  distorted  in  every  imaginable  way ;  that,  by  perse- 
rerance,  the  mil  was  finally  successfully  rolled ;  and  that  Mr.  Guest  took 
The  Camden  and  Amiwy  Railroad,  laid  with  thb  rail,  wa« 


opened  October  9,  1832,  two  years  after  the  opening  of  the  Liverpool  and 
Manchester  Railroad.    Of  this  I  was  a  witneaa. 

This  rail,  long  known  as  the  old  Camden  and  Amboy  rail,  ditTered  but 
little,  either  in  shape  or  pro|x>rtions,  from  the  T  rail  now  in  common  use, 
but  weighed  only  3li  iwunds  to  the  yard.  For  the  neit  sis  or  eight  yeare 
after  the  ojieningof  the  Camden  and  Amboy  Railroad  this  rail  was  but  little 
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used  here  or  abroad,  nearly  all  the  roada  built  in  the  United  States  tuin^ 
the  flat  iron  bar,  about  3}  inches  by  j  inch,  nailed  to  wooden  rails,  and  the 
Engliah  continuing  to  use  the  chair  and  wwlge. 

My  uncle  always  regretted  that  be  bad  not  patented  his  invention. 
He  mentioned  to  me,  upwards  of  forty  years  aj^o,  that  when  advised  by  big 
fHend,  Mr.  F.  B.  Ogden,  the  American  consul  at  IJverpool,  who  wae  fiimil- 
iar  with  the  circumstances  of  his  invention,  to  patent  it,  he  found  tliat  it 
was  too  late,  and  that  bis  invention  had  become  public  property. 

Youre  Truly,     FrusciB  B.  Steve\:.. 

Smith,  in  his  notes  on  Wood's  TreaJise  on  Mailroads.  thus 
describes  the  T  rail  which  was  laid  on  the  Camden  and  Am- 
boy  Railroad:  "The  rails  are  of  rolled  iron,  16  feet  long,  '2^ 
inches  wide  on  the  top,  SJ  inches  at  the  bottom,  and  3i  deep  ; 
the  neck  half  inch  thick;  the  weight  is  209  pounds ^39^ 
pounds  per  yard ;  they  are  aecureii  by  clamps  of  iron,  riveted 
at  the  extremity  of  each  bar.  The  rails  are  attached  to  the 
stone  blocks  and  sleepers  by  means  of  nails  or  pins,  at  the 
sides,  driven  into  woctden  plugs;  chairs  are  dispensed  with." 

The  first  30-foot  rails  rolleci  in  this  country  are  claimed 
to  have  been  rolled  at  the  Cambria  iron  works,  at  Johnstown, 
in  1855.  These  rails  were  perfectly  made,  but  tliere  being  no 
demand  for  them  they  were  used  in  the  tracks  of  the  Cam- 
bria Iron  Company.  It  is  claimed  that  the  first  30-foot  rails 
rolled  in  the  country  on  order  were  rolled  at  the  Montour 
rolling  mill,  at  Danville,  in  January,  1859,  for  the  Sunbury 
and  Erie  Railroad  Company.  The  first  60-foot,  or  double- 
length,  rails  rolled  in  this  country  were  rolled  by  the  Edgar 
Thomson  Steel  Company,  at  Bessemer  station,  near  Pitts- 
burgh, in  the  fall  of  1875,  and  were  of  steel.  In  1877  tlie 
Lackawanna  Iron  and  Coal  Company,  at  Scranton,  commenc- 
ed to  roll  60-foot  steel  rails.  At  the  Centennial  Exhibition 
at  Philadelphia,  in  187G,  the  Edgar  Thomson  Steel  Company 
exhibited  a  steel  rail  which  at  tiiat  time  was  the  lougest 
steel  rail  that  had  ever  been  rolled.  It  was  120  feet  long 
and  weighed  62  pounds  to  the  yard. 

As  late  as  1880  the  T  rail  was  not  much  used  in  Great 
Britain,  The  pattern  most  in  use  in  that  country  was  the 
double-headed,  or  H,  rail,  which  is  set  in  a  cast-iron  chair. 
The  bridge,  or  U,  rail  was  iu  use  on  the  Great  Western  Rail- 
way and  on  some  bther  British  railroads.  The  Clarence  rail 
was  used  on  the  Great  Eastern  Railway,  and  perhaps  on  some 
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other  British  railroads.  In  the  United  States  the  T  rail  is 
now  almost  exclusively  used,  and  its  weight  per  yard  is  heav- 
ier than  formerly.  It  seems  strange  that  tliis  rail  should  not 
have  become  generally  popular  in  tliis  country  until  after 
1845,  having  been  used  as  early  as  1831.  We  may  here  men- 
tion that  the  various  patterns  of  rails  which  superseded  the 
flat  rail  were  long  known  as  edge  rails. 

The  first  locomotive  to  run  upon  an  American  railroad 
was  the  Stourltridge  Lion.  It  was  first  used  at  Honesdale,  in 
Wayne  county,  Pennsylvania,  on  Saturday,  August  8,  1829, 
on  tlie  coal  railroad  of  the  Delaware  and  Hudson  Canal 
Company.  The  Stourh-idrje  Lion  was  built  in  England  and 
weighed  about  six  tons.  Its  use  was  not  long  continued  be- 
cause it  was  too  heavy  for  the  superstructure  of  a  large  part 
of  the  road.  The  first  locomotive  built  in  the  United  States 
and  used  on  a  railroad  was  the  Totn  I'AtMni,  wliich  was  built 
by  Peter  Cooper  at  Baltimore  and  successfully  experimented 
with  on  the  Baltimore  and  Ohio  Railroad  in  August,  1830. 
The  fuel  used  for  this  pioneer  American  locomotive  was  an- 
tliracite  coal.  The  boiler  was  tubular,  and  for  want  of  spe- 
cially-constructed tubes  Mr.  Cooper  used  gun  barrels,  Tlie 
locomotive,  which  was  also  its  owu  tender,  did  not  weigh  a 
ton ;  the  boiler  was  about  as  large  as  a  flour  barrel.  Strictly 
speaking  it  was  a  working  model,  but  it  worked  well  and  led 
the  way  to  tlie  construction  of  more  powerful  locomotives, 
Mr.  Cooper  was  his  own  engineer.  The  first  American  loco- 
motive tliat  was  built  for  actual  service  was  the  Best  Friend 
of  Charleeton,  wliich  was  built  at  the  West  Point  foundry,  in 
New  York  city,  for  the  Charleston  and  Hamburg  Railroad, 
and  was  successfully  put  in  use  on  that  road  in  December, 
1830,  On  tlie  Mohawk  and  Hudson  Railroad,  the  Allegheny 
Portage  Railroad,  tlie  Columbia  and  Philadelphia  Railroad, 
and  a  few  other  railroads  horse-power  was  exclusively  used 
for  some  time  after  they  were  opened  in  the  decade  between 
1830  and  1840. 

Mr,  Brown  informs  us  that  "the  first  charter  for  what 
are  termed  city  passenger  or  horse  railroads  was  obtained  in 
the  city  of  New  York  and  known  aa  the  New  York  and  Har- 
lem, and  this  was  the  first  road  of  the  kind  ever  constructed, 
and  was  opened  in  1832.     No  other  road  of  the  kind  was 
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^^ 


completed  till  1852,  when  the  Sixth  Avenue  was  opened  to 
the  public." 

The  first  elevated  city  passenger  railroad  ever  built  was 
the  Greenwich  street  railroad  in  New  York,  which  waa  com- 
menced in  1866  and  has  been  in  succeasftil  operation  since 
1872.  It  is  now  known  as  the  Ninth  Avenue  Elevated  Rail- 
way, The  next  project  o£  this  character  was  the  Gilbert 
elevated  railroad,  in  New  York,  for  the  construction  of  which 
a  charter  waa  granted  in  1872.  New  York  city  has  now 
several  elevated  local  passenger  railroads.  As  late  as  1883 
only  one  American  city,  Brooklyn,  had  copied  the  exam- 
ple of  New  York  in  building  railroads  of  this  class,  but  in 
1891  Chicago  also  had  an  elevated  railroad. 

The  first  elevated  railroad  constructed  in  this  country  in 
connection  with  a  regular  freight  and  passenger  railroad  was 
undertaken  by  the  Pennsylvania  Ilailroad  Company  in  1880 
and  finished  in  1881.  It  constitutes  an  extension  of  the 
main  line  of  the  Pennsylvania  lia.ilroad  to  the  heart  of  the 
city  of  Philadelphia,  and  is  over  a  mile  long. 

The  production  of  iron  rails  in  the  United  States  has 
been  as  follows  in  net  tons  from  1849  to  1890,  Since  the 
beginning  of  1883  the  manufacture  of  iron  rails  has  been 
almost  entirely  superseded  by  the  manufacture  of  steel  rails,' 
Such  iron  rails  aa  have  since  been  made  have  been  chiefly 
street  rails  and  hght  rails  for  mines  and  tramways. 
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The  excellent  wearing  qualities  of  American  iron  rails  ' 
were  well  illustrated  at  the  Philadelphia  Exhibition  in  1870, 
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when  the  Cambria   Iron  Company  exhibited  an  iron  rail 
which  had  been  in  use  nineteen  years,  three  rails  which  had 
been  in  use  eleven  years,  and  five  rails  which  had  been  in  use 
ten  years,  all  under  severe  wear.     The  same  company  also 
exhibited  two  iron  rails  which  bridged  a  gap  12  feet  wide  and 
12  feet  deep  that  bad  been  washed  out  under  the  track  of  a 
western  railroad,  and  which  carried  safely  over  the  gap  an 
engine  weighing  57,400  pounds  and  a  train  of  seven  cars. 

In  1879  the  American  Iron  and  Steel  Association  collect- 
ed  a   mass   of  statistics  from  American  railroad  companies 
relative  to  the  wear  of  domestic  and  foreign  steel  rails,  and 
the  general  conclusion  was  derived  that  American  steel  rails 
were  superior  to  English   steel  rails,  while  the  testimony  of 
the  Pennsylvania  Railroad  Company  demonstrated  that  the 
American  steel  rails  which  had  been  laid  in  its  tracks  were 
wearing  almost  twice  as  well  as  the  foreign  steel  rails  it  was 
also  using. 

In  Poor's  Manual  for  1891  there  appears  the  following 
table  showing  the  extent  to  which  steel  rails  had  superseded 
iron  rails  in  the  United  States  down  to  1890,  double  and  side 
tracks  being  included  in  the  figures  given. 
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It  will  be  noticed  that,  in  the  decade  covered  by  the  table,               H 
while  the  iron-rail  mileage  has  decreased  one-half  the  steel-               ^M 
rail  mileage  lias  increased  fivefold,  until  at  the  present  time              ^M 
80  per  cent,  of  our  railroad  tracks  are  laid  with  steel  rails.                ^M 

Henry  Thomas  Weld  was  in  1844  the  managing  agent               ^M 
and    director  for  the  English    stockholders    in   the  Mount                H 
Savage  comimny.     He  was  born  at  London  on  January  31,                  H 
1816,  iind  was  living  at  Mount  Savage  in  September,  1891.                fl 
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CHAPTER   XLIX. 


IROK  SHIPBUILDING  IN   THE   UNITED  8TATES. 


In  his  admirable  paper  on  the  shipbuilding  industry  of 
the  United  States,  to  be  fouiid  in  the  8th  volume  of  the  re- 
ports of  tlie  census  of  1880,  Henry  Hall  says  that  in  1825 
a  small  iron  steamer,  named  the  Codonu,  was  launched  in 
Pennsylvania  for  service  on  the  Susquehanna  river,  but  he 
adds  that  this  vessel  may  have  been  "one  of  several  which 
were  exported  from  England  in  pieces  to  America  and  put 
together  here  during  tliat  early  period."  Ten  years  later,  iu 
1835,  Mr.  Hall  says  that  "  there  were  five  iron  steamers  al- 
ready on  the  Savannah  river,  which  appear  to  have  been 
built  in  the  North."  He  also  says  that  in  1836  an  iron 
st«am  vessel  was  built  at  Ne«'  York  which  engaged  in  the 
mail  service  to  New  Orleaus.  The  iron  vessels  mentioned 
by  Mr.  Hall  are  the  first  in  this  country  of  which  any  rec- 
ord appears  to  have  been  preserved,  and  unfortunately  the 
information  which  has  been  accessible  to  him  is  not  complete. 

In  1839  the  first  iron  steamboat  built  for  service  on  our 
western  rivers  was  built  at  Pittaburgli  and  called  the  Valley 
Forge.  She  was  launched  on  September  9,  1839.  It  was  said 
when  the  Valley  Forge  was  built  that  she  was  the  first  iron 
vessel  "of  any  considerable  size"  that  had  been  built  in  the 
country.  The  dimensions  o£  the  Valley  Forge  were  as  fol- 
lows :  Length  on  deck,  160  feet;  length  of  keel,  140  feet; 
breadth  of  beam,  25  feet  4  inches;  depth  of  hold,  6  feet. 
For  general  navigation  purposes  the  V'llley  Forge  was  com- 
pletely successful.  Other  iron  vessels  were  afterwards  built 
at  Pittsburgh  which  fully  realized  the  hopes  of  their  build- 
ers, among  them  an  iron  schooner  for  ocean  service  and  an 
iron  steamer,  the  Michigan,  for  service  on  the  lakes — both 
built  by  order  of  the  General  Government  about  1842.  The 
Michigan  was  very  recently  in  active  service  on  the  lakes  as 
a  revenue  cutter.  She  was  taken  to  Erie  in  sections  on  boats 
that  were  towed  from  the  Ohio  river  through  tlie  Beaver  Ca- 
nal, and  was  put  together  at  Erie.   She  was  built  of  Sligo  iron. 
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Mr.  Hall  says  that  in  1841  Jabez  Coney  built  for  the 
Government  an  iron  revenue  cutter,  the  Saranac,  at  Boston. 
Another  authority  says  that  Mr.  Coney  built  the  revenue 
cutter  McLaine  at  Boston  about  1842,  Mr.  Hall  also  says  that 
"as  early  as  1842  Philadelphia  had  produced  a  line  of  small 
iron  steamboata  to  trade  to  Hartford,  Connecticut." 

In  1842  Captain  John  Ericsson,  of  New  York,  furnished 
designs  for  four  freight  propeller  iron  steamers  which  were 
built  for  the  Delaware  and  Raritan  Canal,  each  96  feet  long, 
24  feet  beam,  and  7  feet  deep.  In  1843  there  was  also  built 
after  his  designs  the  propeller  iron  steamer  Legarf,  for  the 
Government  revenue  service,  150  feet  long,  26  feet  beam,  and 
10  feet  deep,  and  four  iron  prot>eller  boats  for  the  Erie  Canal, 
each  80  feet  long,  14  feet  beam,  and  6  feet  deep.  In  tlie  same 
year  Captain  Ericsson  built  two  steam  passenger  boats  of  iron 
to  run  on  the  James  River  Canal,  in  Virginia,  and  about  the 
same  time  other  small  iron  vessels  were  built  after  his  de- 
signs. In  1846  an  iron  passenger  steamer,  the  Iro7i  tVitch, 
220  feet  long,  27  feet  beam,  and  13  feet  deep,  was  built  at 
New  York,  after  designs  furnished  by  Captain  Ericsson,  to 
run  on  the  Hudson  river  to  Albany.  In  1845  R.  B.  Forbes, 
of  Boston,  built  a  powerful  iron  wrecking  vessel  of  300  tons' 
burden,  which  was  named  after  himself.  Other  iron  vessels 
were  subsequently  built  at  Boston  and  elsewhere.  The  build- 
ing of  iron  vessels  in  this  country  made  but  slow  progress, 
however,  until  after  3800,  when  the  civil  war  created  a  de- 
mand for  iron  and  ironclad  war  vessels,  one  of  the  first  to  be 
built  being  the  celebrated  Monitor. 

Until  recently  the  business  of  iron  shipbuilding  has  not 
flourished  in  this  country  like  other  leading  branches  of 
American  industry,  but  it  has  in  the  last  few  years  attained 
to  very  respectable  proportions,  the  building  of  a  new  Amer- 
ican navy  having  given  it  a  great  impetus.  In  1868  only 
five  iron  steamships  were  built  for  ocean  service.  Since  tliat 
year  over  600  iron  and  steel  vessels  have  been  built,  chiefly 
at  shipyards  on  the  Delaware,  not  including  naval  vesseb. 

The  first  Transatlantic  iron  steamships  to  attract  atten- 
tion which  were  built  in  this  country  were  the  four  vessels 
of  the  American  Steamshii)  Company's  line,  the  Penjtsi/lvania, 
Oldo,  Indiana,  and  Illinois,  built  of  Pennsylvania  iron  at  Phil- 
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adelphia  in  1871,1872,  and  1873  by  W.  Cramp  &  Sons,  and 
still  running  regularly  between  that  port  and  Euroi)ean  porta. 
Their  tonnage  capacity  was  originally  3,100  tons  each.  Most 
of  tlie  European  visitors  to  the  Centennial  Exhibition  came 
to  Philadelphia  and  returned  to  their  homes  in  the  vessels  of 
this  line.  In  1874  John  Roach  &  Son  built  at  Chester,  Penn- 
sylvania, for  the  Pacific  Mail  Steamship  Company,  two  iron 
steamships  of  large  size  and  superior  equipment,  which  fully 
equaled  in  all  respects  the  best  British-built  iron  steamers. 
These  were  the  Ctly  of  Peking  and  the  City  of  Tok<o,  twin 
vessels  in  every  respect.  Their  registered  tonnage  was  5,000 
tons  each. 

From  a  paper  by  Rev.  Dr.  Francis  B.  Wheeler,  in  which 
he  acknowledges  his  indebtedness  for  valuable  information 
to  a  paper  by  E.  P.  Dorr,  which  was  read  before  the  Buf- 
falo Historical  Society  on  the  3d  of  January,  1874,  and  from 
a  statement  prepared  by  Captain  Ericsson  we  compile  the 
following  account  of  the  building  of  the  famous  Monitor. 
This  account  we  have  submitted  to  the  Hon.  John  F.  Wins- 
low,  of  Poughkeepsie,  New  York,  one  of  the  builders  of  the 
vessel,  who  pronounces  it  to  be  correct  in  every  particular. 

The  inrnitioii  of  the  Monitor  belones  to  Ca[>tain  John  Ericsson,  of  Sew 
York  (.'ity,  but  ile  civition  is  due  lo  two  distinguished  tronmaBterB  of  Iho 
State  of  Xew  York,  namely,  the  Hon.  John  F.  Winslov  and  hie  t>Brtner  in 
busineee,  the  Hon,  Jolin  A.  I.iriewold.  They  were  not  ehiiibuildeiv,  had  no 
special  fecilitiea  for  confitructing  ve§aelE>,  iind  knew  nothing  by  experience 
of  the  businesB,  and  there  ha"!  never  been  any  iron  war  sliips  built  in  tliis 
country :  henra  for  theoi  to  attempt  to  put  afloat  any  kind  of  a  war  veael 
was  a  ha^urdoits  experiment.  The  Monitor  in  all  its  parts  was  derigned  by 
Mr.  Ericsson — ball,  turret,  steam  machinery,  anchor-hoister,  gun-caniagve, 
etc. ;  all  were  built  from  working  drawings  made  by  his  own  liande,  fumieb- 
ing  the  rare  instance  of  such  a  structure  in  all  its  details  emanating  from  a 
single  person.  But  the  Monitor  would  not  have  been  built  if  Messrs.  Wins- 
tow  &  (jriswold,  who  were  iron  manufaeturerB  and  men  of  the  highest  pa- 
Iriotism,  had  not  presed  upon  the  Uovernment  the  adoption  of  the  invent- 
or's daring  scheme  and  afterwards  fumiabed  the  n 
Btruction  of  the  vessel. 

Mr,  Winalow  carefully  esamined  the  plans  prepared  by  Captain  Ericawn  i 
for  the  construction  of  the  Moiiitnr — plans  which  liad  found  no  favor  with 
the  special  naval  board  appointed  in  1861,  in  aceordance  witli  an  act  of  Cun-  J 
gresB,  to  examine  and  report  upon  the  subject  of  iron-clad  shipbtiilding.  [ 
Mr.  Winalow  became  satis&cd  that  Captain  Ericsson's  plane  were  both  fea-  j 
Bible  and  desirable.  After  conferring  with  his  jiarlner,  Mr,  Griswold,  it  wm  ' 
determined  to  lav  the  whole  matter  before  President  Lincoln.    This  n 
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done  in  October,  IflGl.  The  eameatneBH  with  which  Mr.  Winelow  ami  Mr. 
(iriswold  pressed  the  subject  upon  the  attenticm  of  the  Preeidenl  necured 
fmrn  him  the  promise  tliat  lie  would  meet  them  on  the  next  day  at  the 
office  of  Commodore  Smith,  a  member  of  the  board  already  referred  to,  and 
tulk  tlie  subject  over.  The  meeting  look  place.  Tliere  were  present  Mr. 
Lincoln,  the  Secretary  of  the  Navy,  (Mr.  Wellea,)  Commodore  Wmith,  and 
■  otlier  otndaiR  of  the  Savy  Department  Mr.  Winslow  again  presented  the 
merits  of  Captain  Ericsson's  plans  for  the  construction  of  the  Mmiitor.  The 
PivBident  expressed  his  wish  that  the  subject  should  be  still  ftirther  investi- 
gated by  Commodore  Smith,  and  then  withdrew.  The  interview  resulled 
in  a  contract  with  Captain  Ericsson  and  Messrs.  Winslow  &  Griswold  for  the 
constnictioD  of  the  Monitor,  the  veBse!  to  be  j)l«red  in  the  hands  of  the  I  lov- 
emment  within  100  days,  at  a  cost  of  (275,000.  Mr.  C.  8.  Bushnell,  the 
business  associate  of  Captain  Ericsson,  also  signed  the  contract.  The  con- 
tract was  burdened  with  many  exacting  conditions  and  restrictions,  which 
amounted  lo  almost  a  prohibition  of  the  enterprise.  The  contnu^rs,  how- 
ever, at  once  entered  upon  tlieir  important  undertaking.  Winthu-  •!-  GtU- 
imld  took  all  the  ritkit  of  lorn  if  Ihr  m'lTjiWw  tlu/iili'  pmif  lo  lie  a  failure. 

The  hull  of  the  vessel  was  built  by  Thomas- F.  Rowland,  ajrent  of  the 
Continental  iron  works,  at  lireen  Point,  Long  Island,  the  plates,  bars,  and 
rivetB  being  largely  supplied  to  him  by  the  Albany  iron  works  of  Winslow 
4  Griswold.  The  Delamater  iron  works,  of  New  York,  were  comniissioned 
to  manufacture  the  steam  machinery,  propellers,  anil  internal  Rpparntus  of 
the  turret.  The  Novelty  iron  works,  of  New  York,  built  the  turret,  and  the 
turret-plating  and  a  ]iart  of  the  armor-plating,  composed  of  a  series  of  plates 
one  inch  tliick,  were  rolled  by  H.  Abbott  &  Son.  of  Baltimore.  The  port 
stoppeni  were  assigned  to  Charles  D.  Del^ncy,  of  Bufialo.  The  wurk  was 
pushed  with  all  diligence  until  the  30th  of  January,  1802,  when  the  ship  was 
launched  at  Green  Point,  101  days  from  the  execution  of  tlie  contract.  Dur- 
ing its  construction  Captain  Ericsson  gave  his  personal  attention  lo  all  the 
details,  and  the  laun<'hing  of  the  vessel  in  the  remarkably  brief  period  of 
101  days  from  the  signing  of  the  eontrrtct  was  in  large  part  the  result  of  his 
untiring  energy  and  devotion. 

The  first  trial  trip  of  the  Monitor  was  on  February  19, 1882,  and  on  thit 
day  she  was  delivered  to  the  navy  yard  for  her  armament  and  stores.  She 
made  two  trial  trips  afterwards.  The  fiist  and  second  trips  were  not  satie- 
fiui'tory,  the  flrst  tteoause  the  cut-off  valve  had  been  improfierly  set  and 
would  not  admit  the  steam  properly  to  the  cylinders;  the  second  from  some 
slight  defect  in  the  steering  apparatus,  which  was  speedily  corrected. 

On  January  13,  18tl2,  Lientenant  Worden,  afterwards  rear-adrainil,  was 
ordered  to  the  command  of  the  Monitor,  then  on  the  stocks.  On  the  ^Oth  of 
February,  1802,  he  received  sailingnirders  from  the  Se*'rel«ry  of  the  Navy  to 
proceed  lo  Hampton  Roads,  Virginia,  and  there  report  to  the  Nary  Depart- 
ment. On  llie  afternoon  of  the  0th  of  March,  1862,  the  Monilor,  with  a  pick- 
ed crew  from  the  war  ships  Nnrth  OtroUna  and  Sabinr,  flfly-eight  officers  and 
men  all  told,  left  the  lower  bay  of  New  York,  with  a  moderate  wind  and 
smooth  sea,  in  low  of  a  small  tug,  the  Stib  Lou;  and  accompanied  by  the 
United  States  steamers  Currituck  and  Sach-m.  After  encountering  a  severe 
storm  the  Mnnii'ir  passed  Cape  Henry  light-house  at  four  o'clock  on  the  af- 
ternoon of  March  8th.  At  this  point  heavy  firing  in  the  direction  of  For- 
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trees  Monroe  inilii»t«d  an  engagement,  and  very  «oon  Lieutenant  Worden 
leameii  from  a  pilot  of  the  advent  of  the  Merrinmc  and  the  diraater  to  the 
abipe  C'lmbrrland  and  Conffrrt).  On  the  information  received  from  the  pilot 
Lieutunant  Worden  ordered  the  Monitor  to  be  prepare"!  for  action,  and  at 
nine  o'clock  that  evening  anchored  at  Hnmpton  Roads  near  the  fri^le  Roa- 
noke, to  the  commander  of  which  Lieutenant  Worden  reported. 

The  next  morning,  March  9,  1882,  the  Merrimac  ntia  olwen'ed  under* 
way,  Hteaming  slowly  from  Sewell'H  Point,  where  she  had  anchored  durii^ 
the  night,  to  accomplish  more  perfectly  her  work  of  the  day  l)erore.  The 
Monitor  immediately  stood  for  her  with  crew  at  qnartere,  and  the  fierce  iind 
remarkable  fight  bofiian,  continuing  from  eight  o'clock  a.  u.  to  one  and  a  half 
o'clock  p.  M,,  and  reeulting  in  t^e  discomlitnre  of  the  Xcrrhnac  and  tbe  Aill 
proof  of  all  that  haii  been  claimed  for  the  Monitor. 

Orders  for  more  monitora  were  at  once  given,  and  Captain  Erii^eson  and 
the  firm  of  Winslow  &  Uriswold  bad  the  confidence  and  gratitude  of  the 
whole  American  people.  The  great  regret  waa  everywhere  expressed  tiat 
tbe  Monitur  was  not  at  Hampton  Eoads  one  day  aooner  to  save  the  Curnhft- 
land  and  the  Congres*  with  the  brave  men  who  went  down  with  them. 

The  life  of  the  Monitor  was  aS  abort  as  it  was  eventftil.  From  the  10th 
of  Mareh  until  the  deatruction  of  tbe  Mrrrimaf  on  the  lltli  of  May,  19tfS, 
she  lay  in  Hampton  Roads  as  a  guard  for  tbe  vast  interests  («n(red  tliere. 
On  the  12th  of  May  she  led  the  vessels  which  went  to  Norfolk  on  the  evac- 
uation of  that  city  by  the  Confederates,  and  subsequently  performed  other 
servicee  on  the  James  river.  In  September  she  was  at  the  Wasbinglon  navy 
yard  Ibr  repairs,  sailing  again  for  Hampton  Roads  in  November.  On  tli»  i 
20th  of  De<-ember,  1S62,  ahe  sailed  for  Beaufort,  North  Carolina,  in  contMny 
with  tbe  ateamer  Wiode  hland,  her  convoy,  and  on  the  night  of  the  30th  alw 
foundered  near  Cape  Uatteras,  carrying  down  about  one-half  of  her  officer* 
and  crew. 

The  revolving  turret  of  the  MonitoT  and  its  successors  of 
the  same  type  was  not  the  invention  of  Captain  Ericsson 
but  of  Theodore  K.  Timby,  who  explains  its  history  as  fol- 
lows in  published  letters  dated  March  7,  1888. 

The  first  sight  of  tbe  cireular  form  of  "Caatle  William,"  on  Govern- 
or's Island,  in  the  harbor  of  New  York,  auggested  to  me  the  idea  of  a  re- 
volving plan  for  defenaivo  worka,  and  in  April,  1841,  (when  I  waa  but  nine- 
teen yeare  of  age,]  I  came  to  Washington  and  exhibited  a  model  and  plans 
of  a  revolving  battery,  to  be  made  of  iron,  to  tbe  then  chief  of  engineer* 
and  tbe  chief  of  ordnance,  U.  S.  Army.  I  also  submitted  this  model  and 
these  plans  to  the  Hon.  John  C.  Calhoun  and  many  of  his  distinguishol 
tt'ienils.  In  January,  1&43, 1  made  a  model  of  a  marine  tnrret,  which  model 
is  now  in  my  possession.  At  this  date  I  made  my  first*  record  in  tbe  Uni- 
ted States  Patent  Office,  and  from  January,  1841,  to  18(11  I  continued  to 
urge  the  importance  of  my  plans  u\>on  the  proper  authorities  at  Washing- 
ton and  elsewhere.  In  1356  I  exhibited  tbe  plans  to  the  Emjwror  Napo- 
leon III.,  and  received  some  encouragement,  but  without  practical  remits, 
lu  18U2  I  entered  into  a  written  agreement  with  the  contractore  and  bnild- 
era  of  the  original  MouiUir,  (John  F.  Winslow  and  John  A. 
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Troy,  New  York,  C.  S.  Bashnell,  of  New  Haven,  Connecticut,  and  their  as- 
sociates,) for  the  use  of  my  patents  covering  the  revolving  turret,  by  which 
thfey  agreed  to  pay  me,  and  did  pay  me,  $5,000  as  a  royalty  on  each  turret 

constructed  by  them 

It  is  in  no  degree  probable  that  the  Monitor  or  anything  like  it  would 
ever  have  been  built  had  it  not  been  for  the  liberality y  patriotism ,  and  per- 
siMence  of  Hon.  John  F.  Winslow  and  John  A.  Griswold. 

The  following  table  gives  the  number  and  gross  tonnage 
of  all  iron  and  steel  vessels,  except  those  for  the  navy,  which 
have  been  built  in  the  United  States  in  the  fiscal  years  from 
1868  to  1891.  Nearly  all  were  steam  vessels.  Since  1883  we 
have  built  many  vessels  of  steel,  and  the  tendency  now  is 
to  use  steel  in  constantly  increasing  quantities  in  the  con- 
struction of  both  merchant  and  naval  vessels.  This  table 
has  been  compiled  from  the  reports  of  the  Bureau  of  Navi- 
gation of  the  Treasury  Department. 


Years. 


1868.. 
1869.. 
1870.. 
1871.. 
1872.. 
1878.. 
1874.. 
1875.. 


No.  ,     Tons,    i;       Years.         No.  |    Tons. 


Years. 


20 
26 
23 
20 


2,801 
4,581 
8,281 
15,479 
12,766 
26,548 
83,097 
21,632 


1876. 
1877. 
1878. 
1879. 
1880. 
1881. 
1882. 
1883. 


25 
7 
32 
24 
81 
42 
48 
85 


21,346 
5,927 
26,000 
22,008 
25,582 
28,392 
40,097 
89,646 


1884.... 
1885... 
1886.... 
1887.... 
1888.... 
1889.... 
1890.... 
1891.... 


■    --  - 

, —  ■ 

No. 

i    Tons. 

84 

35,631 

48 

44.028 

26 

14,908 

29 

34,854 

43 

36,719 

48 

53,513 

63 

80,378 

76 

105.618 

John  Ericsson,  distinguished  on  two  continents  as  an  en- 
gineer, was  born  in  the  province  of  Wermland,  Sweden,  on 
July  31, 1803,  and  died  in  New  York  city  on  March  8, 1889, 
aged  over  85  years.  In  1890  his  remains  were  taken  to  Swe- 
den in  a  United  States  naval  vessel. 

Mr.  Winslow  is  now  living  in  retirement  at  Poughkeepsie, 
New  York,  and  was  in  good  health  late  in  1891.  He  was 
bom  at  Bennington,  Vermont,  on  November  5,  1810. 


Ik  one  of  our  chapters  devoted  to  the  early  iron  history 
of  New  England  and  in  our  New  York  chapter  we  have  re- 
ferred to  the  invention  in  the  closing  years  of  the  last  cent- 
ury of  machines  for  cutting  nails  and  have  claimed  for  this 
invention  an  American  origin.  We  now  supplement  these 
statements  with  some  additional  information  concerning  the 
manufacture  of  both  steel  and  iron  cut  nails  and  also  con- 
cerning the  manufficture  of  wire  nails. 

Knight,  in  his  Mcchamcal  Didionary,  thus  briefly  summa- 
rizes the  leading  facts  connected  with  the  invention  of  cut 
nailfl,  some  of  which,  derived  from  other  sources,  we  have 
already  presented  in  preceding  chapters. 

Cut  nitile  were  firet  made  in  this  country.  About  1775  Jeremiah  Wit> 
kinson,  of  Cum1>crlond,  Hhode  Ielau<l,  cat  tacks  from  plates  of  Bheet  metal, 
and  aflerwanl  made  nails  and  ^ikes  in  a  similar  manner,  forming  ttw 
heads  in  a  viae.  Ezekiel  Reed,  of  Bridgewater,  Maseachuselte,  in  1786  in- 
vented a  machine  for  cutting  nails  from  the  plate,  and  in  1798  obtained  B 
potent  for  cutting  and  heading  them  at  one  operation.  Benjamin  Coohraii 
had  also  conBtniuted  a  machine  of  this  kind ;  and  Joeiuh  Piereon,  of  New 
York,  in  171M  patented  a  machine  for  cutting  nails  from  the  eheet.  Per- 
kins's machine,  invented  in  I71X)  and  patented  in  1705,  is  said  to  have  been 
capable  of  making  200,000  nails  per  day.  These  and  Odiome's,  which  em- 
bmced  some  improvements  upon  them,  attrarted  ^reat  attention  in  England, 
where  they  soon  came  into  esteneive  use.  At  the  close  of  the  century  twen- 
ty-three {Hitenta  had  been  granted  for  improvementa  in  nail  machines. 

In  1879  Mr.  Shuba]  Wilder,  of  Kew  Castle,  Pennsylvania, 
then  an  old  man,  who  had  been  employed  as  a  nail-cutter  ] 
from  his  boyhood,  first  at  Wareham,  Massachusetts,  in  1826,  i 
and    afterwards   in    Pennsylvania,   published    the    following 
opinion   of  several   nail-cutting   and   nail-heading   machines  ] 
which  had  been  in  use  during  his  day. 

From  1825  to  1835  there  waa  a  great  increase  in  the  number  of  nail 
maclunes  and  fiietories  in  New  England,  New  York,  and  throufth  New  Jer- 
sey and  Eastern  Pennsylvania ;  consequently  there  was  a  great  demand 
for  men  to  run  nail  machines.  Almost  all  the  time  men  kept  coming  to 
Mussacliusetts  from  New  Jersey  and  Pennsylvania  on  the  hunt  for  nailen", 
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and  this  ie  the  reHson  why  eo  many  New  England  people  or  their  deecvod- 
unta  are  found  in  nearly  every  town  where  there  arv  iron  worke  and  iiail 
bctories.  The  Reed  nail  nuu'hiiie,  now  in  uae,  ie  the  only  one  among  the 
many  that  have  heen  patented  that  has  aiicceeded.  The  Perkins  machine, 
invented  by  Jacob  Perkinn,  of  MiuBochuHctts,  inaile  a  very  good  nail,  hut  it 
wa«  very  expensive  to  keep  in  order.  The  Odiorne  machine  aleo  made 
H  good  nail,  bat  was  attended  with  the  same  difficulty  aa  the  Perkina. 
There  were  several  other  side  Kheiir  machines  bnilt,  hut  they  never  came 
into  nae.  The  improvements  made  by  Melville  Otis  on  the  Re«d  machine 
have  brought  it  to  a  high  attite  of  jierfeetioii :  the  only  thing  now  remain- 
ing to  he  done  ia  the  introduction  of  a  reliable  eelf-feeder,  which  if  not 
already  invented  will  hi.'  an  accompliahinent  of  the  near  future. 

Since  Mr.  Wilder  wrote  these  words  the  wire  nail  has 
largely  supplanted  the  cut  nail,  and  his  own  town  of  New- 
Castle  has  become  very  prominent  in  its  manufacture. 

The  primitive  nail-cutting  machines  which  were  used 
about  the  beginning  of  the  present  century  and  for  some 
years  afterwards  are  doubtless  correctly  described  iii  the 
following  extract  from  the  History  of  htdiana  County,  Penn- 
sylvania, reference  being  made  to  a  machine  used  in  1818 
by  a  blacksmith  in  the  town  of  Indiana,  who  is  said  to  have 
manufactured  all  the  cut  nails  that  were  used  in  Indiana 
county  and  adjoining  counties. 

The  machine  used  waH  propelled  by  one  person  using  the  right  liiind 
on  one  lever  and  the  right  foot  on  another  lever.  The  left  hand  was  oecu- 
pied  in  manipulating  the  iron  f^om  which  the  nails  were  cnt.  The  iron  was 
i^Ied  "  nail  iron,"  and  was  of  different  widths,  according  to  the  requiaite 
siiee  desired,  snch  as  shinf:le,  clapboard,  brads,  lathing,  etc.  Two-inch 
shingle  nails  were  sold  for  37  j  cents  per  pound ;  clapboard  do.,  25  cents ; 
brads,  18  centa ;  lathing,  31  cents,  etc.  Before  cutting,  the  iron  was  brought 
to  a  red  heat  in  the  commoa  blacksnnth  fire.  After  the  nails  were  cooled 
they  were  taken  to  a  pliK'©  to  be  headed.  This  was  done  with  a  spring  vice, 
which  was  closed  by  the  pressure  of  the  right  foot.  Only  one  nail  was  in- 
serted at  a  time.  One  stroke  of  the  hammer  on  the  nail  made  a  brad  ;  two 
more  made  a  clapboard  or  weathet^hoarding  nail.  The  iron  wae  procured 
at  the  different  rolUng  ttiills  in  Huntingdon  county,  and  hauled  in  wagoiw 
to  Indiana  county. 

'  These  nails  were  cut  from  plate  iron,  which  was  rolled  in 
the  small  rolling  mills  of  the,  day  and  before  the  time  when 
bar  iron  was  rolled.  To  these  small  rolling  mills  were  some^ 
times,  added  slitters  for  slitting  the  flat  strips  of  iron  into 
nail-rods,  which  were  converted  into  so-called  wrought  nails 
exclusively  by  hand,  as  has  been  elsewhere  explained.  The 
irou  to  be  used  in  the  early  nail-cutting  machines  was  first 


450  THE   MAXUFACTURE  OP 

hammered  to  the  thickness  of  about  half  an  inch  and  then 
rolled  to  the  Ti-idth  and  thickness  required  by  the  sizes  of 
the  nails  to  be  cut. 

In  Knight's  Mechanical  Diciionary,  published  as  late  as 
1877,  the  wire  nail  is  thus  referred  to :  "  Chests  and  boxes 
from  the  Continent  of  Europe  and  from  Asia  are  found  to  be 
fastened  with  nails  of  this  character."  Knight  neither  gives 
the  origin  of  the  wire  nail  nor  describes  any  of  the  machines 
by  which  it  is  made.  Since  the  publication  of  his  Didianary 
the  wire  nail  has  become  a  leading  product  of  American  skill. 

The  first  wire  nails  manufactured  in  the  United  States 
were  made  in  1851  or  1852  at  New  York  bv  William  Has- 
sail.  Six  of  the  machines  at  first  used  bv  Mr.  Hassall  are 
still  in  use  in  the  wire-nail  factory  of  his  son,  John  Hassall, 
in  BrookhTi.  Previous  to  the  introduction  of  wire  made  of 
Bessemer  steel  all  the  wire  nails  made  bv  William  Hassiill 
were  made  from  iron  or  brass  wire.  The  wire  nails  made 
by  William  Hassall  were  of  small  sizes,  escutcheon  and  up- 
holsterer's nails  being  specialties.  William  Hassall  was  bora 
at  Birmingham,  England,  in  1817,  emigrated  to  New  York 
city  in  1850,  and  died  there  in  1888,  aged  71  years. 

The  wire  nail  as  a  substitute  for  the  cut  nail  did  not, 
however,  come  into  notice  in  this  countrv  until  a  verv  few 
years  ago,  in  1883  or  1884.  Mr.  E.  J.  Buffington,  treasurer 
of  the  American  Wire  Nail  Company,  whose  works  are  now 
kx'ated  a^  Anderson,  Indiana,  sends  us  the  following  interest- 
ing account  of  the  organization  of  his  company,  which  was 
the  first  company  to  give  the  wire  nail  a  start  in  American 
markets  as  a  competitor  of  the  cut  nail. 

The  origin  of  the  pretrent  American  AVire  Nail  Company  dates  l>aok  a? 
far  as  1^71,  when  a  few  (ierman  residents  of  Covinjorton,  Kentucky,  contrib- 
ute<l  to  a  fund  for  importing  three  (iemian  machines.  These  three  ma- 
(•liine.s  made  nothin;;  larger  than  a  3<l  fine  nail,  artd  were  kept  busy  prin- 
cijially  on  cigar-box  nails  and  small  wire  brads.  For  several  yeare  the  pnv 
motcrs  of  this  new  industrv*  met  with  no  succt»ss.  However  thev  were  not 
discouraged  from  adding  to  their  then  suq>lus  capacity.  The  American 
Wire  and  Screw  Nail  Company,  which  was  the  preilecessor  of  our  pn^sent 
(•omi»any,  was  organized  in  1875,  and  its  management  {>assed  into  the  han4l8 
of  m<*n  with  enthusiastic  views  as  to  the  future  of  wire  nails  in  this  countrw 

• 

The  trade  in  cigar-box  nails  had  grown  to  be  of  considerable  importance  to 
them,  and  the  plant  was  increased  to  twenty  machines.  Very  great  difficul- 
ty was  exjKjrienced  in  inducing  the  hardware  trade  to  recognize  the  wire 
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biBd  and  wire  nail  as  a  salable  commodity.  From  1878  to  1880  the  growth 
of  the  wire  nail  was  very  slow  and  was  attended  with  many  difficulties. 
Deep-rooted  prejudices  of  all  kinds  had  to  be  overc^ome.  It  was  not  until 
the  year  1883  or  1884  that  the  wire  nail  came  into  the  market  prominently 
as  a  competitor  of  the  cut  nail,  and  it  was  at  this  time  that  the  standard 
wire  nail  was  instituted.  Each  successive  year  after  this  the  demand  for 
wire  nails  increased  phenomenally,  and,  in  fact,  passed  beyond  the  wildest 
hopes  of  the  most  sanguine. 

Down  to  1883  all  the  cut  nails  manufactured  in  this 
country  in  commercial  quantities  were  made  of  iron,  but  in 
that  year  cut  nails  made  of  Bessemer  steel  and  others  made 
of  combined  iron  and  steel  were  sold  in  American  markets. 

The  production  of  iron  and  steel  cut  nails  in  the  Unit- 
ed States,  not  including  wire  nails,  has  been  as  follows  from 
1873  to  1890,  in  kegs  of  100  pounds. 


Years. 


1873 
1974 
1876 
1876 
1877 
1878 


Kegs. 

4,024,704 
4,912,180 
4,726.881 
4,157,814 
4,828,918 
4,396,130 


Years. 

18?J 

1880 

1881 

1882 

1883 , 

1884 


Kegs. 

5,011,021 
5,370,512 
5,794,206 
6,147,097 
7,762,737 
7,581,379 


Years. 

1885 

1886 

1887 

1888 

1889 

1890 


K9gs. 

6,696,815 
8,160,973 
6,906,870 
6,493,591 
5,810,758 
5,610,M6 


In  1884  the  production  of  steel  cut  nails  in  the  United 
States,  including  500  kegs  of  combined  iron  and  steel  nails, 
was  393,482  kegs,  or  5  per  cent,  of  the  total  cut-nail  pro- 
duction. Down  to  and  including  1890  the  maximum  total 
production  of  cut  nails  was  reached  in  1886,  with  8,160,973 
kegs,  and  the  maximum  production  of  steel  cut  nails  alone 
was  reached  in  1888,  with  4,323,484  kegs.  In  1889  and  1890 
over  two-thirds  of  the  total  production  of  cut  nails  was  made 
of  steel.  The  quantity  of  combined  iron  and  steel  nails 
made  in  1890  was  about  111,000  kegs. 

In  1886  the  production  of  wire  nails  was  estimated  to 
have  amounted  to  600,000  kegs  of  100  pounds,  made  by  27 
wire  nail  works ;  in  1887  the  production  was  estimated  to 
have  been  1,250,000  kegs,  made  by  47  works ;  in  1888  it  was 
estimated  to  have  been  1,500,000  kegs;  in  1889  it  was  esti- 
mated to  have  been  2,435,000  kegs.  The  actual  production 
in  1890  was  3,135,911  kegs,  nearly  all  the  nails  being  made 
of  steel.  The  wire  nails  made  in  1890  were  produced  by  47 
works. 


^^^  Jit  both 

^^^^^^  do 


IMPROVEMENTS    IN    AMERICAN    BLAST    FrRNACE 
PRACTICE. 

In  our  Maryland  and  Virginia  elmpters  extracts  are  giveii  I 
from  letters  written  by  members  of  the  Principio  Company^T 
which  built  Principio  furnace  and  forge  in  Maryland,  aad  * 
afterwards,  in  connection  with  Augustine  Washington,  built 
Aceokeek  furnace  in  Virginia.  We  now  make  some  additional 
extracts  from  one  of  these  letters,  written  by  John  Wightwiefc 
to  John  England,  and  dated  at  London  on  October  2,  1730, 
which  we  give  to  show  the  teclmical  ideas  wliich  prevailed 
in  those  days  in  England  and  America  concerning  the  man- 
ufacture of  pig  iron.     Referring  to  letters  from  Nathaniel^'J 
Chapman,  the  clerk  at  Aceokeek  furnace,  Mr.  Wightwick  Sfiys  ::| 

He  Huye  he  tbiaks  it  will  tie  cheaper  lo  send  hmrths  from  EnglitnAl 
than  to  bring  the  stnnea  20  iiiilca  land  carria^  h-oin  a  quarry  (whtiv  ht  I 
Hays  there  are  good  onee)  at  that  dietaiice  from  the  worlds,  but  I  hope  yga.4 
will  coneider  that  point  thoroughly,  because  sending  hciarthe  from  hencft  J 
ia  very  cliargable  in  freiglit,  os  well  an  trouhlesome  lo  get  theui  anil  potl 
them  on  board.  Bellows  leather  1  BUppoBe  yo«  must  always  ha^e  fironl 
bence.  The  price  of  pigge  Ib  very  low  at  present ;  we  hope  in  a  short  ti 
it  will  be  better.  The  Potomack  pigge  will  not  reach  hi.  15«.,  they  beinffl 
cheap  piggB  are  fittest  for  founderys,  and  I  don't  doubt  but  we  might  eeSiT 
a  large  quantity  yearly  in  London  for  that  use.  We  have  sold  BOnie  tSm 
these  laat  arrived,  hut  the  dealera  complain  they  are  too  white;  if  tl 
were  grey  they  would  go  off  much  better. 

The  way  ta  distinguish  ^ey  piggH  &om  while  is  this :  taher  U] 
them  with  a  hammer,  and  if  they  have  a.  deadi«h  leaden  sound  they  a 
grey;  they  will  also  be  pretty  level  in  the  belly  of  the  pigg,  &  the  e" 
of  them  will  he  hlunt.    If  they  are  white  by  hammering  on  them  t 
will  ring  much  more,  the  under  sides  of  them  will  be  hollow,  A  the  e 
mucli  more  sharp,  and  if  you  strike  tiie  white  ones  at  the  enil  they  « 
break  short    This  inlbmiation  I  had  from  a  Founder  whom  we  sold  a 
In;  and  tbix  difference  is  not  bo  mndi  owing  to  the  ore  ae  the  fl 
for  we  have  pretty  near  an  equal  quantity  of  grey  piffif  mixed  wi 
white,  which  inclines  me  to  think  this  must  be  some  mismanagement  Q 
the  Founder  that  they  are  not  all  grey.    I  therefore  hope  you 
sider  and  give  directions  to  the  Founder  accordingly ;  and  let  the  hea 
both  works  be  always  set  burrow  and  not  transheer,  for  white  p 
will  do  us  great  prejudice  iu  the  sales. 
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Since  the  introduction  into  this  country  of  the  hot-blast 
in  connection  with  the  manufacture  of  pig  iron,  which  occur- 
red in  the  decade  between  1830  and  1840,  many  methods  of 
heating  the  blast  have  been  in  use.  The  first  practical  appli- 
cation of  the  hot-blast  in  this  country  was  made  at  Oxford 
furnace,  in  New  Jersey,  in  1834,  by  William  Henry,  the  man- 
ager. The  waste  heat  at  the  tymp  passed  over  the  surface  of 
a  nest  of  small  cast-iron  pipes,  through  which  the  blast  was 
conveyed  to  the  furnace.  The  temperature  was  raised  to  250° 
Fahrenheit,  and  the  product  of  the  furnace  was  increased 
about  10  per  cent.  In  1835  a  hot-blast  oven,  containing  cast- 
iron  arched  pipes,  was  placed  on  the  top  of  the  stack  by  Mr. 
Henry  and  heated  by  the  flame  from  the  tunnel-head.  By 
this  means  the  temperature  of  the  blast  was  raised  to  500®. 
This  innovation  in  American  blast-furnace  practice  increased 
the  product  of  Oxford  furnace  about  40  per  cent.,  with  a  sav- 
ing of  about  the  same  percentage  of  fuel.  No  better  device 
for  heating  the  blast  was  in  use  in  this  countrj-  until  about 
1840.  Hot-blast  ovens,  supplied  with  cast-iron  arched  pipes, 
of  various  patterns,  were  in  general  use  in  subsequent  years 
dowTi  to  about  1861,  when  an  improvement  in  the  construc- 
tion of  the  oven,  but  embodying  no  essential  modification  of 
the  system,  was  introduced  by  Samuel  Thomas  and  adopted 
at  many  furnaces.  In  1867  or  1868  John  Player,  of  England, 
introduced  his  iron  hot-blast  stove  into  the  United  States, 
which  soon  became  popular,  owing  to  the  facilities  which  it 
afforded  for  increasing  the  heat  of  the  blast.  Mr.  Plaj^er  per- 
sonally superintended  the  erection  of  the  first  of  his  stoves 
in  this  country  at  the  anthracite  furnace  of  J.  B.  Moorhead 
&  Co.,  at  West  Conshohocken,  in  Montgomery  county,  Penn- 
sylvania. A  few  years  ago  it  was  still  in  use.  Do\ra  to  the 
introduction  of  the  Player  hot-blast  the  ovens,  or  stoves,  were 
generally  placed  at  the  tunnel-head  ;  Mr.  Player  placed  his 
stove  on  the  ground. 

It  is  due  to  the  memory  of  John  Player  that  the  fact 
should  here  be  plainly  stated  that  the  introduction  of  his 
stove  was  instrumental  in  greatly  increasing  the  yield  of 
American  furnaces  and  decreasing  the  quantity  of  fuel  used 
to  the  ton  of  pig  iron.  After  its  introduction  the  tempera- 
ture of  the  blast  was  generally  raised,  even  where  the  Thorn- 
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as  and  other  ovens  were  used,  and  before  long  powerful  blow- 
ing engines  were  more  generally  used  and  higher  furnaces 
were  built.  Connellsville  coke  was  found  to  work  admirably 
as  a  fuel  for  blast  furnaces  in  connection  with  a  powerful 
blast  and  high  temperature.  Since  1868  cast-iron  stoves  of 
various  patterns  have  been  increased  in  size,  and  in  this 
and  other  improvements  their  efficiency  in  raising  the  tem- 
perature of  the  blast  has  been  greatly  promoted. 

The  Whitwell  fire-brick  hot-blast  stove,  also  an  English 
invention,  was  first  used  in  this  country  at  Rising  Fawn 
furnace,  in  Dade  county,  Georgia,  on  June  18,  1875.  Its 
next  application  was  at  Cedar  Point  furnace,  at  Port  Hen- 
ry, in  Essex  county,  New  York,  on  August  12,  1875.  The 
stoves  at  Cedar  Point  furnace  were,  however,  built  before 
those  at  Rising  Fawn  furnace.  The  first  application  of  this 
stove  in  Pennsylvania  was  made  as  late  as  February,  1877, 
at  Dunbar  furnace,  in  Fayette  county.  The  Rising  Fawn 
and  Dunbar  furnaces  used  coke  as  fuel,  while  Cedar  Point 
furnace  used  anthracite.  The  first  set  of  Siemens-Cowper- 
Cochrane  fire-brick  hot-blast  stoves  erected  in  this  country 
was  erected  at  one  of  the  Crown  Point  furnaces,  in  Essex 
county.  New  York,  in  1877 ;  but  the  first  set  of  these  stoves 
in  any  part  of  America  was  erected  at  Londonderry,  in  Nova 
Scotia,  by  the  Steel  Company  of  Canada  Limited,  in  1876. 
The  Sieniens-Cowper-Cochrane  stove  is  also  an  English  in- 
vention. Both  it  and  the  Whitwell  s^tove  embody  the  regener- 
ative principle  in  storing  heat.  Other  stoves  built  upon  the 
same  principle  have  been  introduced  in  European  and  Amer- 
ican blast-furnace  practice  in  late  years.  The  introduction  of 
all  these  stoves  has  greatly  promoted  the  economic  manage- 
ment of  American  blast  furnaces  and  increased  their  yield, 
supplementing  and  in  all  respects  adding  to  the  good  work 
inaugurated  when  the  Player  stove  was  introduced. 

In  the  twenty  years  between  1840  and  1860  the  plan  of 
conveying  the  escaping  gases  from  the  top  of  the  blast  fur- 
nace to  the  boilers  and  hot-blast  ovens,  or  stoves,  gradually 
came  into  general  use  as  a  substitute  for  independent  fires 
or  for  the  use  of  the  flame  at  the  tunnel-head.'  Its  introduc- 
tion was  greatly  promoted  between  1844  and  1850  by  the 
efforts  of  C.  E.  Detmold,  a  German  engineer,  then  residing 
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at  New  York,  who  had  taken  out  a  patent  in  this  country 
as  the  assignee  of  Achilles  Christian  Wilhelm  von  Faber  du 
Faur,  the  superintendent  of  the  government  iron  works  at 
Wasseralfingen,  in  Wurtemberg,  Germany,  who  had  invented 
a  method  of  using  furnace  gases  in  heating  the  blast.  The 
first  practical  experiments  with  this  invention  in  utilizing 
furnace  gases  in  the  production  of  heat  were  made  in  1836 
and  1837  at  Wasseralfingen. 

David  Thomas,  of  Catasauqua,  Pennsylvania,  was  the  first 
person  in  this  country  to  fully  realize  the  value  of  power- 
ful blowing  engines  in  the  working  of  blast  furnaces.  About 
1852  he  introduced  engines  at  his  furnaces  at  Catasauqua 
which  increased  the  pressure  to  double  that  which  was  then 
customary  in  England.  The  results  were  surprising.  But 
many  years  elapsed  before  Mr.  Thomas's  example  was  gen- 
erally followed  in  this  country.  Within  the  past  few  years, 
however,  our  superior  blast-furnace  practice  has  been  mainly 
due  to  the  use  of  blowing  engines  of  great  power.  English 
ironmasters  have  only  in  late  years  commenced  to  imitate 
the  best  American  practice  in  this  respect. 

Mr.  Joseph  C.  Kent,  superintendent  of  the  blast  furnaces 
of  the  Andover  Iron  Company,  at  Phillipsburg,  New  Jersey, 
writes  us  concerning  two  noteworthy  achievements  at  one  of 
these  furnaces  many  years  ago.  These  furnaces  were  then 
known  as  the  Cooper  furnaces.  In  one  week  in  1850  there 
were  produced  by  No.  1  furnace  251^  tons  of  pig  iron,  and  in 
one  week  in  1858  there  were  produced  by  the  same  furnace 
319  tons  of  pig  iron.  The  fuel  used  in  both  instances  was 
anthracite  coal ;  the  engines  used  were  not  large,  being  capa- 
ble of  blowing  only  from  7,000  to  8,000  cubic  feet  of  air  per 
minute,  under  a  pressure  of  from  3  to  3i  pounds  per  square 
inch.  The  blast  was  heated  in  ordinary  syphon  pipe  ovens 
to  500°  Fahrenheit.  The  size  of  this  furnace  was  20  feet  by 
55  feet.  The  above  products  were  respectively  the  largest  that 
had  been  anywhere  produced  down  to  the  dates  mentioned, 
but  to-day  w^  have  furnaces  which  make  as  much  pig  iron 
in  a  day  as  they  made  in  a  week. 

Isabella  furnace  No.  1,  located  at  Etna,  near  Pittsburgh, 
closed  early  in  1884  a  three-years'  blast  which  produced  re- 
sults which  were  at  that  time  justly  regarded  as  remarkable 
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and  were  certainly  unexampled.  Its  product  was  as  follows.  1 
in  tons  of  2,268  pounds.  Pig  iron  made  in  1881,  324  days,  - 
37,437i  tons;  in  1882,  365  days,  59,032  tona;  in  1883,  366  j 
daya,  66,408^  tons;  in  1884,  19  days,  3,927  tons:  total  in 
three  years,  less  22  days,  160,805  tons,  or  an  average  of  1,090  I 
tons  per  week.  The  unexampled  good  work  of  this  furnace  I 
was  obtained  notwithstanding  a  serious  interruption  caused  f 
by  a  freshet  in  the  Allegheny  river,  and  notwithstanding  I 
other  drawbacks.  The  furnace  was  75  feet  high,  20  feet  in  | 
diameter  at  the  bosh,  and  11  feet  in  diameter  at  the  hearth, 
contained  a  14-foot  stock  line,  and  had  seven  7-inch  tuyeres.  , 
It  was  equipped  with  three  Whitwell  stoves  of  the  largest  1 
size  and  three  engines  having  7-£oot  blowing  cylinders  with  j 
a  4-foot  stroke. 

By  far  the  best  work  ever  done  by  a  coke  furnace  waa 
accomplished  in  1889  and  1890  by  one  of  the  furnaces  con- 
nected with  the  Edgar  Thomson   steel  works  at  Braddock, 
Pennsylvania,  known  as  furnace  F,  owned  by  Carnegie  Broth- 
ers &  Co.  Limited.     For  the  following  account  of  the  great 
record  made  by  this  furnace  in  the  years  mentioned,  as  well  i 
as  of  the  good  work  which  it  had  previously  done,  we  are  in- 
debted to  a  paper  by   Mr.  James  Gayley,  superintendent  of  I 
the  Edgar  Thomson  furnaces,  which  he  read  at  the  meeting  j 
of  the  Iron  and  St«el  Institute  at  New  York  in  October,  1890. 

ThiN  furnace  wm  built  in  18S5-6.    Tlie  total  height  is  flO  feet;  the  ili- 
ameter  of  lieartb,  11  feet;  the  diameter  of  boeh,  23  fecL    The  beJI  ii 
feet  in  diameter  and  the  etot^k  line  10  feet.    The  cubivnl  cnpacity  ie  WJfM   J 
feet.   There  are  7  tuyeres,  each  8  inches  in  diameter.   The  furnace  wns  Bt 
ed  in  October,  18S6.   The  record  for  the  aext  three  months  in  as  followi.  1 


Uontm. 

Orc-tou. 

1  Pound! 0 

f  oDke  per  con  Of  Ucn. 

B,TS6 
7,«4 
S,S98 

' 

iZ       1 

" 

* 

■oro  January  to  May,  inclueive,  the  average  monthly  output  was  6,150 
tons  on  a  coke  consumption  of  1,9S0  poonde.  The  volume  of  uir  blown  wu 
27,000  pubic  feet  per  minute,  which  was  heated  to  an  average  tempervturie  of 
l.aMl  lU'ureos.  The  pressure  at  the  tuyeres  varied  from  9  to  10  pounds,  and 
wnk  p'ncrttlly  the  latter  figure  when  the  outputH  were  largest.  In  June  the 
tiininit'  wna  l«nked  for  eight  daya  on  account  of  a  scanity  of  coke.    The 

iiiulhly  oiitpnl  from  this  time  tip  to  January,  1888,  was  7,400  groes  tons. 

Iii'ii  II  necond  Hti)p]iage  on  jici-ount  of  labor  troubles  occurred.     Tbe  ionglh 
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of  this  stop  was  sixty-seven  days.  A  portion  of  the  upper  lining  giving 
way  in  August,  1889,  the  furnace  was  blown  out.  The  furnace  was  in  blast 
(exclusive  of  the  two  stoppages  I  have  mentioned)  two  years,  seven  months, 
and  ten  days,  and  made  in  that  time  224,795  tons  of  iron  on  an  average 
coke  consumption  of  2,317  pounds.  The  output  for  the  first  twelve  full 
months  was  88,940  tons  on  2,150  pounds  of  coke.  The  furnace  was  relined 
without  delay,  and  after  a  two  weeks'  drying  out  was  put  in  blast  on  Sep- 
tember 25, 1889,  just  seven  weeks  from  the  time  of  blowing  out.  The  con- 
struction was  the  same  in  every  particular  except  that  the  diameter  of  the 
boeh  was  reduced  to  22  feet  and  the  stock  line  to  15  feet  6  inches.  This 
change  reduced  the  cubical  capacity  to  18,200  feet  The  same  number  and 
size  of  tuyeres  were  used.  The  volume  of  air  blown  was  25,000  cubic  feet 
per  minute,  a  reduction  of  2,000  cubic  feet  from  that  used  in  the  previous 
blast.  Beginning  with  October  the  record  of  monthly  outputs  and  coke  con- 
sumption to  June,  1890,  was  as  follows. 


Monthis. 


October,  1889.. 

November 

December 

January,  1H90. 

February 

March 

April 

May 


Gro68  tons. 

Pounds  of  coke  per  ton  of  iron. 

6,521 

2,450 

9,097 

1,897 

10,603 

1,756 

10,rxi6 

1,737 

8,964 

1.859 

9,iMl 

1,845 

10,075 

1,W7 

10,035 

1,884 

The  best  output  for  any  one  week  was  2,462  tons.  The  best  output  for 
a  single  day  wa.s  502  tons  and  240  pounds,  made  on  September  3,  1890. 
The  temi>erature  of  the  blast  averaged  1,100  degrees,  and  the  pressure  9J 
pounds.    The  tc»mix»niture  of  the  escaping  gases  was  340  degrees. 

Counting  the  time  the  furnace  was  running  in  the  first  blast,  and  up  to 
the  end  of  May,  1H90,  in  the  second  blast,  including  also  the  time  spent  in 
relining,  the  j)eriod  covered  is  three  years  and  live  months,  and  in  that  time 
this  furmice  made  an  output  of  301,205  tons,  a  record  which  is  unparalleled. 
In  the  month  of  May  this  furnace,  together  with  a  companion  fiimace  of 
precisely  the  same  dimensions,  made  an  output  of  20,192  tons  on  an  aver- 
age coke  consumption  of  1 ,882  jKJunds  ixir  ton  of  iron.  The  ores  used  were 
from  the  I^ke  Superior  region,  and  yielded  through  the  furnace  62  jx^r  cent, 
of  iron.  The  proportion  of  limestone  carried  was  28  i)er  cent,  of  the  ore 
burden.  The  silicon  in  the  iron  averaged  1.60  per  cent.,  the  iron  being  run 
into  ladles  and  sent  to  the  converting  mill  direct.  I  shall  not  undertake 
to  say  what  these  furnaces  will  accomplish  on  an  uninterrupted  blast,  but 
I  believe  the  dav  is  not  far  distant  when  we  shall  be  able  to  show  a  rec- 
ord  of  300,000  tons  from  a  furnace  in  three  years,  and  on  a  single  lining. 
[The  product  for  the  first  two  years  is  208,050  gross  tons,  showing  that 
this  prediction  will  probably  be  fulfilled.] 

In  the  i)eriod  covered  by  the  last  decade  there  are  three  steps  in  the 
development  of  American  blast-furnace  practice  that  might  be  mentioned. 
First,  in  1880,  the  introduction  of  rapid  driving,  with  its  large  outputs  and 
high  fuel  consumption;  second,  in  1885,  the  production  of  an  equally  large 
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amount  of  iron  with  a  low  fuel  consumption  by  slow  driving ;  and,  third, 
in  1890,  the  production  of  nearly  double  that  quantity  of  iron  on  a  low 
fuel  consumption  through  rapid  driving. 

The  best  record  ever  made  by  a  charcoal  furnace  in  this 
country  or  any  other  country  was  made  in  1890  by  a  new 
furnace  in  Wisconsin.  Mr.  M.  R.  Hunt,  the  manager  of  the 
Hinkle  charcoal  furnace,  at  Ashland,  Wisconsin,  owned  by  the 
Ashland  Irom  and  Steel  Company,  reports  that  in  the  sev- 
en days  which  ended  on  October  4th  the  furnace  produced 
1,009  gross  tons  of  pig  iron.  The  best  day's  run  yielded  150 
tons  and  the  worst  yielded  141  tons.  The  stack  of  this  fur- 
nace is  60  feet  high,  and  the  diameter  of  the  bosh  is  12  feet. 
Neither  scrap  nor  mill  cinder  was  used.  The  ores  came  from 
the  Gogebic  range.  The  average  consumption  of  ore  per  ton 
was  4,021  pounds ;  of  charcoal,  a  little  over  82  bushels  of  22 
pounds  to  the  bushel ;  of  limestone,  174  pounds. 

Mr.  J.  King  McLanahan  informs  us  that  in  1853  Franks- 
town  charcoal  furnace,  in  Blair  county,  Pennsylvania,  was 
changed  to  a  coke  furnace,  the  first  in  that  county,  and  made 
No.  1  foundry  pig  iron  from  Frankstown  block  fossil  ore. 
The  furnace  buildings  were  burned  down  in  1855,  and  Mr. 
McLanahan,  the  manager,  "  banked  up  on  a  full  burden." 
After  a  delay  of  exactly  fourteen  days  the  blast  was  again 
turned  on,  and  in  twelve  hours  the  furnace  was  working  as 
well  as  before  the  accident  occurred.  Mr.  McLanahan  says 
that  this  was  the  first  attempt  that  was  made  in  this  country 
to  ''  bank  up  "*a  coke  furnace  for  so  long  a  time. 

Achilles  Christian  Wilhelm  von  Fabcr  du  Faur  was  born 
on  December  2,  1786.  He  studied  at  Freiberg  in  1808 ;  was 
first  assistant  superintendent  of  the  government  iron  works 
at  Koenigsbronn  in  1810,  and  afterwards  was  superintendent 
for  thirty-two  years  of  the  government  iron  works  at  Was- 
seralfingen.     He  died  on  March  22,  1855. 

Christian  Edward  Detmold  was  born  in  Hanover,  Ger- 
many, on  February  2, 1810,  and  died  at  New  York  on  July 
2,  1887,  aged  over  77  years.  He  was  a  civil  engineer,  in 
which  profession  he  became  very  prominent.  He  was  also 
engaged  in  the  manufacture  of  pig  iron  in  Maryland,  the 
mining  of  coal  in  Pennsylvania,  and  the  manufacture  of 
spiegeleisen  from  zinc  residuum  in  New  Jersey. 


IRON   IN  ALL  AGES. 


459 


CHAPTER   LII. 

THE  MANUFACTURE  OF  TINPLATES  IN  THE  UNITED 

STATES. 


The  manufacture  of  tinplates  in  the  United  States  was 
undertaken  in  1873  at  Wellsville,  Ohio,  and  at  Leechburg, 
Pennsylvania.  In  1875  it  was  also  undertaken  at  Demmler, 
near  Pittsburgh.  Owing,  however,  to  the  low  duty  which  was 
imposed  on  foreign  tinplates  domestic  tinplates  ceased  in 
1878  to  be  made  at  the  three  places  mentioned,  and  no  fur- 
ther attempts  to  establish  the  tinplate  industry  in  our  country 
were  made  until  about  the  time  of  the  passage  of  the  tariif 
act  of  October  1, 1890,  in  which  the  previously  existing  duty 
on  tinplates  was  more  than  doubled.  Since  that  date  sev- 
eral works  for  the  manufacture  of  tinplates  have  been  estab- 
lished in  the  United  States,  while  the  building  of  others  has 
been  commenced,  and  the  prospects  for  the  complete  success 
of  this  new  industry  are  now  most  favorable. 

The  following  table,  compiled  from  the  publications  of 
the  Bureau  of  Statistics  of  the  Treasury  Department,  shows 
the  quantities  of  tinplates  imported  into  the  United  States 
in  each  year  from  1871  to  1890,  with  their  foreign  values. 


Years. 


Groes  tons. 


1871 82,969 

1872 85,629 

1878 97,177 

1874 79,778 

1875 91,0M 

1876 89,916 

1877 i  112,479 

1878 ;  107,864 

1879 154,250 

1880 158,049 


Values. 

$9,946,373 
18.898,450 
14,240,868 
13,057,658 
12,098,885 

9,416,816 
10,679,028 

9,069,967 
13,227.659 
16,478,110 


Years. 


Gross  tons. 


1881 183,005 

1882 213,987 

1883 221,233 

1884 i  216,181 

1885 228,596 

1886 '■  257,822 

1887 283,836 

1888 '  298.238 

1889 331,311 

1890 329,346 


Values. 

$14,886,907 

17,975,161 

18,156,773 

16,858.650 

15,991,152 

17,504,976 

I      18.699,145 

I      19,762,961 

I      21,726,707 

i     23.670.158 


The  total  quantity  of  tinplates  imported  into  this  country 
in  these  twenty  years  was  3,622,750  gross  tons,  and  the  total 
foreign  value  of  these  importations  was  $307,341,404.  In 
addition  to  this  sum  American  consumers  paid  freights  and 
duties  and  importers^  profits. 
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CHAPTER   LIII. 

MISCELLANEOUS   FACTS   RELATING   TO    THE    AMERI- 
CAN    IRON  AND   STEEL  INDUSTRIES. 

It  would  far  transcend  the  limits  assigned  to  this  work 
if  all  the  modem  inventions  connected  with  the  manufacture 
of  iron  and  steel  in  this  country  were  to  be  made  the  subject 
of  historical  and  statistical  inquiry.  The  most  important 
of  these  inventions,  and  the  history  of  their  introduction 
in  our  country,  have  been  referred  to  in  preceding  chapters. 
Several  subjects  of  less  prominence,  but  all  of  them  relating 
to  the  mechanical  development  of  our  iron  and  steel  indus- 
tries, will  now  be  noticed,  with  which  notice  this  branch  of 
our  general  subject  will  be  dismissed. 

At  the  Siberian  rolling  mill  of  Rogers  &  Burchfield,  at 
Leechburg,  in  Armstrong  county,  Pennsylvania,  natural  gaa, 
taken  from  a  well  1,200  feet  deep,  was  first  used  as  a  fuel  in 
the  manufacture  of  iron.  In  the  fall  of  1874  it  was  stated 
that  during  the  preceding  six  months  the  gas  had  furnish- 
ed all  the  fuel  required  for  puddling,  heating,  and  making 
steam,  not  one  bushel  of  coal  having  been  used.  Between 
1874  and  1881  natural  gas  for  puddling  was  successfully 
used  at  the  same  rolling  mill  at  Leechburg ;  at  the  works 
of  Spang,  Chalfant  &  Co.  and  Graff,  Bennett  &  Co.,  in  AUe- 
glieny  county,  Pennsylvania ;  and  at  the  rolling  mill  of  the 
Kittanning  Iron  Company,  at  Kittanning,  Pennsylvania. 
In  each  instance  the  gas  used  at  these  works  was  obtained 
from  wells  that  were  sunk  for  oil  but  were  found  to  produce 
only  gas.  Since  1881  natural  gas  has  been  introduced  into 
many  iron  and  steel  works  in  Pennsylvania,  Ohio,  Indiana, 
and  West  Virginia.  In  1884,  however,  there  were  still  only 
six  rolling  mills  and  steel  works  in  the  United  States  which 
used  natural  gas  as  fuel.  In  1886  there  were  68 ;  in  Novem- 
ber, 1887,  there  were  96 ;  and  in  November,  1889,  there  were 
104.  Since  the  last  date  the  use  of  natural  gas  in  our  iron 
and  steel  works  has  greatly  declined,  owing  to  a  failure  of 
tlie  supply  in  many  places.     The  method  employed  in  using 


natural  gas  at  Kittanning  in  the   summer  of  1881   is  liere 
preserved  as  a  matter  of  historical  interest. 

The  piH  18  brought  from  a  well  some  three  milea  distant,  in  four-inch 
L-aeing.  and  at  the  mill  is  diBtrihut«<I  umong8t  eighteen  boiling  furnaces. 
The  fumaoes  are  the  same  u§  tho^e  in  which  l-ouI  Ib  u^ed.  The  gas  eDtera 
the  rear  of  the  Ainuti?e  in  three  Email  pipce,  shaped  at  the  end  like  a  nozzle. 
There  being  quite  a  pressure  ihe  gas  enters  with  conaiderahle  force,  and  Ijy 
iiieans  of  dampers  to  reii:ulatG  the  draft  an  intense  and  uniform  heat  is  ob- 
t^ned.  After  a  heat  the  fnmai-e  is  cooled  and  prepared  for  the  next  beat 
in  the  same  manner  as  with  coal.  When  the  metal  is  in  plare  t)ie  gas  is 
turned  on,  and  the  operation  of  puddling  is  tlie  same,  with  the  exception 
that  it  is  somewhat  slower.  Only  one-half  of  the  well's  produrtion  of  gas 
is  in  fact  eonsuuied  by  the  eighteen  fumares  here  described.  The  puddlers 
like  the  gas  very  much,  aa  it  reduws  their  labor  to  some  extent,  and  lliej' 
HKV  they  I'nn  make  lietter  weight  tlmn  with  coal.  The  fhrnoces  being  free 
from  fttlplmr  a  tietttr  quality  of  iron  is  produeed,  and  it  brings  a  slightly 
advanced  price  in  the  market.  Thexe  flimares  have  been  ninning  all  Ihe 
time  for  some  months  past,  and  have  used  nothing  but  gaa  for  fuel,  which 
tias  prove"!  BHtisfactory  in  every  respect,  and  is  found  to  In-  much  cheajier 
than  coal. 

We  have  previously  recorded  the  erection  in  1817,  at 
Plumsoek,  in  Fayette  county,  Pennsylvania,  of  tlie  first  roll- 
ing mill  in  the  Uliited  States  for  the  production  of  har  iron. 
The  first  puddling  in  this  country  was  also  done  at  this  roll- 
ing mill  in  the  same  year.  It  may  seem  strange  to  many  of 
the  present  generation,  who  nitnesa  the  number  and  magni- 
tude of  our  iron  and  steel  establishments,  that  such  impor- 
tant processes  as  the  puddling  of  pig  iron  and  the  rolling 
of  bar  iron  should  not  have  been  introduced  into  the  United 
States  until  1817,  but  after  careful  inquiry  we  have  been  un- 
able to  place  their  introduction  at  an  earlier  period,  Ralph 
Crooker,  recently  of  the  Bay  State  iron  works,  at  Boston,  tJie 
oldest  rolling-mill  superintendent  in  the  United  States,  writes 
us  that  the  first  bar  iron  rolled  in  New  England  was  rolled 
at  the  Boston  iron  works,  on  the  mill-dam  in  Boston,  in  1825, 
and  that  the  first  puddling  done  in  New  England  was  at 
Boston,  on  the  mill-dam,  by  Lyman,  Rttlston  &  Co.,  in  1835. 

Before  the  use  of  bituminous  and  anthracite  coal  became 
general  in  this  country  wood  as  it  comes  from  the  forest  wits 
sometimes  used  to  puddle  pig  iron,  as  it  is  now  used  at  some 
places  in  Sweden,  and  it  was  also  used  in  the  heating  furna- 
ces of  rolling  mills.  From  1821  to  1825  the  Fall  River  roll- 
ing mill,  in  Massachusetts,  used  wood  in  lieating  iron  for  nail 
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plates.  In  1848  pig  iron  was  puddled  with  wood  at  Adiron- 
dack, in  Essex  county,  New  York.  Prior  to  1850  puddling 
with  wood  was  done  at  Horatio  Ames's  works  at  Falls  Vil- 
lage, in  Connecticut.  In  1858  the  Hurricane  rolling  mill  and 
nail  works,  on  Pacolet  river,  43  miles  west  of  Yorkville,  in 
South  Carolina,  used  dry  pine  wood  in  its  puddling  and  heat- 
ing furnaces;  and  in  the  preceding  year  the  Cherokee  Ford 
rolling  mill,  on  Broad  river,  in  Union  county,  in  the  same 
State,  useil  "splint"  wood  for  the  same  purpose. 

The  Phoenix  wrought-iron  column,  or  wrought-steel  col- 
umn, which  is  now  in  general  use  in  this  country  and  in 
Europe  in  the  construction  of  bridges,  viaducts,  depots,  ware- 
houses, and  other  structures,  is  the  invention  of  the  late 
Samuel  J.  Reeves,  of  Philadelphia,  a  member  of  the  Phoenix 
Iron  Company,  of  Phoenixville,  Pennsylvania.  The  invention 
was  patented  on  June  17,  1862. 

Down  to  1846,  when  John  Griflfen  built  a  rolling  mill  at 
Norristown,  Pennsylvania,  for  Moore  &  Hooven,  steam  boil- 
ers had  never  been  put  over  puddlii\g  and  heating  furnaces 
in  anv  eountrv.  In  this  mill  all  tlie  steam  that  was  needed 
for  driving  the  mill  was  generated  in  boilers  over  the  pud- 
dling and  heating  furnaces,  no  auxiliary  boilers  being  used, 
thus  greatly  economizing  fuel.  Mr.  Griflfen  met  with  much 
opposition  from  observers  while  engaged  in  constructing  the 
mill  upon  this  plan,  and  many  predictions  were  made  that 
the  now  arrangement  would  be  a  failure.  It  was  a  great  in- 
novation on  the  practice  tlien  prevailing,  but  it  was  a  com- 
plete success,  and  its  general  adoption  has  effected  a  saving 
in  fuel  to  the  iron  manufacturers  in  this  country  of  many 
millions  of  dollars. 

In  1856  two  shafts  were  made  for  the  steamship  Adriatic 
at  the  Reading  steam  forge,  at  Reading,  Pennsylvania.  Each 
shaft  when  finished  was  35i  feet  in  length,  27^  inches  in  di- 
ameter, and  weighed  78,500  pounds,  or  35  tons.  Two  cranks 
of  1 2-foot  stroke  were  made  at  the  same  time,  each  weighing 
when  finished  18,800  pounds,  or  8.39  tons.  The  forge  was 
then  the  largest  and  most  complete  in  this  country.  It  con- 
tained four  hammers,  of  ^,  J,  It^,  and  7  tons'  weight  respect- 
ively. An  account  of  the  forging  of  the  shafts  says:  "The 
shafts  of  the  Adriatic  were  forged  in  tw^elve  working  days 
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each.  They  were  commenced  on  what  is  called  a  porter 
bar,  forming  a  tapering  handle,  to  which  are  attached  levers, 
or  cranks,  to  turn  the  shaft  in  its  slings  while  under  the 
hammer.  The  porter  bar  was  first  heated,  and  then  flattened 
at  its  thick  end  to  receive  a  pile  of  bloom  bars  each  about 
250  pounds'  weight,  all  of  which  were  welded  solid  with 
each  other  and  the  bar,  thus  forming  the  commencement  of 
the  shaft  itself.  The  end  of  the  shaft  thus  commenced  was 
again  heated  to  receive  another  pile  of  bars  as  already  de- 
scribed, and  the  same  process  thus  repeated  until  the  shaft 
was  made  the  length  required.  When  the  shaft  becomes 
sufficiently  long  the  porter  bar  is  cut  off  and  the  turning 
cranks  attached  to  the  shaft  itself." 

On  the  6th  of  September,  1881,  Park,  Brother  &  Co.,  of 
Pittsburgh,  put  in  operation  for  the  first  time  their  17-ton 
steam  hammer,  which  was  for  many  years  Ihe  largest  in  the 
United  States.  It  will  work  steel  ingots  two  feet  square. 
The  hammer  it^lf  was  built  by  William  B.  Bement  &  Son, 
of  Philadelphia.  The  anvil,  which  was  the  heaviest  iron  cast- 
ing then  made  in  this  country,  weighing  160  tons,  was  cast  a 
few  feet  from  its  place  with  five  cupolas,  under  the  direction 
of  Park,  Brother  &  Co.,  on  October  5,  1880.  It  is  11  feet 
high,  and  measures  8  by  10  feet  at  the  base  and  4  by  6  feet 
at  the  top.  The  hammer  and  its  fittings  occupy  a  ground 
space  26  feet  long  by  13  feet  wide.  Its  height  from  the 
ground  is  32  feet.  The  framing  is  of  wrought-iron  plates 
from  i  of  an  inch  to  li  inches  thick,  bolted'  and  riveted  and 
strengthened  with  angle  irons.  The  weight  of  the  cast-iron 
cylinder  is  about  11  tons,  the  bore  is  40  inches,  and  the 
stroke  9  feet.  The  piston,  rod,  ram,  and  die  weigh  about 
17  tons.  When  the  steam  is  admitted  on  top  of  the  piston 
it  will  produce  an  additional  force  or  weight  of  about  50 
tons,  making  67  tons'  pressure  in  all  when  the  ram  or  ham- 
mer is  stationary.  The  whole  cost  of  the  hammer,  anvil, 
and  fittings,  ready  for  operation,  is  estimated  at  $52,000.  In 
August,  1883,  Park,  Brother  &  Co.  forged  with  this  hammer 
a  steel  steamboat  shaft  32^  feet  long  and  weighing  30,240 
pounds,  or  IS^  tons.  The  ingots  used,  which  were  of  open- 
hearth  steel,  weighed  32,000  pounds.  The  shaft  was  hexag- 
onal in  tlie  centre,  tapering  at  each  end  to  a  circular  shape. 
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Since  the  completion  of  the  17-ton  hammer  above  de- 
scribed two  other  hammers  of  still  larger  proportions  have 
been  erected  in  this  country,  namely,  the  20-ton  hammer  of 
the  Latrobe  steel  works,  at  Latrobe,  Pennsylvania,  and  the 
larger  hammer  of  the  Mid  vale  steel  works,  at  Philadelphia, 
both  employing  steam  pressure  to  increase  their  forging  pow- 
er. But  it  has  been  left  for  the  Bethlehem  Iron  Company  to 
erect  the  largest  and  most  efficient  hammer  in  the  world — a 
single-acting  hammer  of  125  tons.  We  are  indebted  to  Lieu- 
tenant W.  H.  Jaques,  ordnance  engineer  of  the  Bethlehem 
Iron  Company,  for  the  following  description  of  this  hammer. 

The  building  in  which  thi^  hammer  has  been  erected  is  oOO  feet  long, 
and  is  located  on  ground  that  was  partly  an  island  and  partly  the  bed  of 
the  southern  channel  of  the  Lehigh  river,  turned  from  its  course  to  pro- 
\ide  the  hammer  site.  A  pit  00  foet  square  was  excavated  below  the  water 
level,  and  piles  were  thickly  driven  both  for  the  anvil  foundation  and 
hammer  frames.  The  stone  walls  for  supporting  the  latter  have  a  depth 
of  30  feet,  8e{iarated  from  the  anvil  foimdation  lest  any  sinking  of  this 
latter  should  aflfect  the  framework  of  the  structure  itself 

The  hammer  ¥ras  designed  by  Mr.  John  Fritz,  chief  engineer  and  eu- 
(K'rintendent  of  the  company;  all  of  its  parts  were  manu&ctured  at  the 
works :  and,  although  the  officers  of  the  Bethlehem  Iron  Company  had  free 
i\>nsultation  with  the  owners  of  the  CYeusot  works  in  France,  the  ham- 
mer ditferp  radically  in  many  points  from  the  celebrated  Creusot  hammer. 
It  rises  to  a  height  of  90  feet  from  the  tloor  line.  The  housings  proper  are 
t'aoh  cHMiiiH^siHi  of  twil  j>art.s  the  li>wor  ones  weighing  71  tons  each,  the 
npix*r  onc^  4S  tons  each.  The?e  are  lK)lteil  together  and  surmounted  by 
an  entablature^  of  lU  tons,  i-arrjing  a  7(>-inch  cylinder  24  feet  high.  The 
housings  an*  olamj^  to  l^ase  plates,  each  10  feet  by  S  feet,  and  weighing 
">♦»  toils,  giviui;  a  42-f«x>t  louiritudinal  width  of  frame  and  a  working  fl«>or 
width  inside  «^f  housincs  of  22  feet. 

A  l»>-inoh  steel  piston  rod.  40  foet  long.  t)ix^rates  the  enormous  tup, 
which  is  i\»nii^>AHi  of  three  jxirts.  two  fonuing  the  ram  and  a  thin!  the  die. 
The  hammer  is  single-acting,  ^steam-lifting  only.>  the  total  weight  of  bill- 
ing iKirts,  length  of  str«^ke.  ami  irravity  gt»verning  the  work  done. 

The  anvil  foundation  i\>nsisL<  of  piles  driven  to  bed-nx'k  or  gravel, 
with  tiuilvr  framt^.  steel  slal>s  and  2i?  in>n  bl«x*ks  carefullv  machined  and 
liitiHl  forming  a  metal  nuis^  of  l.vNR)  tons  arranged  in  the  fonn  of  a  pyr- 
amid. Tv>  siinire  an  even  tlvH»r  fi>r  working  the  spaivs  Ix'tween  the  frame 
and  anvil  foundations  are  oI«>sihI  with  cribbing,  leaving  exposed  only  the 
anvil  bliH'k.  The  siKvial  valve  gt^ars  dt^igneii  at  Bethlehem  have  worked 
!n»*st  sjUisfactorilv.  vuio  man  Oiisilv  contrx^llini;  the  motions  with  one  han<i. 

The  hammer  is  <^»rvtHl  by  four  he;iting  fiirnaces.  c^mveniently  plai-e*!, 
;in«l  by  four  irigantii'  onuu^.  each  of  :>i>>  tons'  i^qxioity.  having  longitudinal, 
tninsvors*.'.  vertii-al,  and  turning  motions,  by  which  every*  required  position 
and  ni«»Vfinont  of  the  fi^rgints'  ^.•m  >x*  e;isily  t\>ntn:»lle<l. 

In  di»s*'ribin::  this  luimmer  as  one  of  \2'^  tons   it  is  meant  that  the 
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weight  of  the  tap,  (including  die,)  piston,  and  rod  is  125  tons,  which,  foil- 
ing a  distance  of  16J  feet,  (full  stroke,)  uithotU  top  steam,  produces  the  full 
power  of  the  hammer.  As  sack  the  following  hammers  have  comparative 
weights:  Sir  William  G.  Armstrong,  Mitchell  &  Co.  Limited,  Elswick,  Eng- 
land, 85  tons;  Woolwich,  England,  35  tons;  Perm,  Russia,  50  tons;  Abou- 
koff  Steel  Works,  Russia,  50  tons;  Knipp,  Essen,  Germany,  50  tons;  St. 
Chamond,  France,  80  tons ;  Schneider  &  Co.,  Creusot,  France,  100  tons ;  Mar- 
pel  Brothers,  Rive  de  Gier,  France,  100  tons;  and  the  Temi  Steel  Works, 
Italy,  100  tons.  All  these  hammers  are  single-acting  except  those  at  Els- 
wick, Woolwich,  and  Aboukoff. 

Begun  in  1889  the  Bethlehem  hammer  was  successfully  put  in  opera- 
tion on  June  30,  1891,  since  which  time  many  huge  forgings  for  armor 
plates  and  other  war  and  structural  material  have  been  shaped  under  it. 

In  1884  there  were  still  in  existence  in  this  country  sev- 
eral old-fashioned  slitting  mills,  which  were  used  spasmodic- 
ally in  the  conversion  of  iron  into  nail  rods.  There  was  a 
slitting  mill  at  the  Cambridge  rolling  mills  near  Boston ;  at 
the  Norway  steel  and  iron  works  at  South  Boston;  at  the 
Eagle  iron  works  at  Roland,  Centre  county,  Pennsylvania; 
and  at  the  Oxford  iron  and  steel  works  at  Frankford,  in 
Philadelphia.  The  demand  for  slit  nail  rods  grows  less, 
how^ever,  every  year,  and  it  is  probable  that  even  the  occa- 
sional use  of  the  slitting  mills  above  mentioned  will  soon  be 
a  thing  of  the  past. 

In  his  History  of  Philadelphia  (1884)  Thompson  Westcott 
says  that  the  first  wire  suspension  bridge  in  the  United  States, 
if  not  in  the  world,  was  thrown  across  the  Schuylkill  river, 
near  the  Falls  of  Schuylkill,  in  Philadelphia,  in  1816.  Its 
history  is  as  follows:  In  1809  Robert  Kennedy  and  Conrad 
Carpenter  built  a  chain  bridge  at  the  Falls  of  Schuylkill 
which  broke  down  in  1811.  Josiah  White  and  Erskine  Haz- 
ard, afterwards  prominent  as  the  pioneers  in  the  anthracite 
coal  trade  of  Pennsylvania,  had  erected  a  rolling  mill  and  a 
wire  factory  in  the  meighborhood,  and  after  the  bridge  fell 
they  formed  a  new  company  and  another  chain  bridge  was 
constructed  in  April,  1811,  but  this  new  bridge  in  turn  gave 
way  in  1816.  White  &  Hazard  then  swung  a  wire  suspen- 
sion bridge  across  the  river  from  an  upper  window  of  their 
factory  to  some  large  trees  on  the  west  bank,  steps  leading 
from  the  trees  to  the  ground.  This  primitive  bridge  struct- 
ure was  intended  for  foot  passengers  only,  and  but  eight 
persons  were  allowed  to  go  upon  the  footway  at  one  time. 
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The  bridge  is  said  to  have  cost  $125.  We  find  the  essential 
parts  of  this  statement  accepted  and  presented  in  detail  in  a 
lecture  delivered  before  the  Engineers'  Club  of  Philadelphia, 
in  1884,  by  Professor  L.  M.  Haupt. 

Wire  fences  are  not  a  new  thing  imder  the  sun.  As  far 
back  as  1816  they  were  in  limited  use  in  the  neighborhood 
of  Philadelphia.  The  wire  was  manufactured  by  White  & 
Hazard  at  their  wire  works  at  the  Falls  of  Schuylkill.  In 
a  communication  from  this  firm  to  Richard  Peters,  "  Presi- 
dent of  the  Agricultural  Society,"  dated  January  2, 1816,  the 
use  of  wire  fences  was  recommended,  and  an  elaborate  cal- 
culation was  given  to  show  the  economy  there  would  be  in 
using  them.  In  speaking  of  the  strength  of  a  wire  fence 
they  st\id :  "  We  have  given  it  a  fair  trial  at  the  Falls,  with 
tlxe  most  breachy  cows  of  the  neighborhood,  and  it  is  re- 
markable that  even  dogs  avoid  passing  over  it."  It  was  rec- 
ommended that  "  living  trees "  be  used  as  a  substitute  for 
posts,  and  that  the  wire  used  be  protected  by  a  coating  of 
linseed  oil  or  paint.  The  fence  at  the  Falls  was  without 
barbs,  which  are  a  modern  invention. 

Samuel  J.  Reeves  was  bom  at  Bridgeton,  New  Jersey,  on 
March  4, 1818,  and  died  at  Phoenixville  on  December  15, 1878, 
aged  over  60  years.  For  many  years  prior  to  his  death  he 
had  been  President  of  the  American  Iron  and  Steel  Associa- 
tion and  the  head  of  the  Phoenix  Iron  Company. 

John  Griflfen  was  born  at  Mamaroneck,  in  Westchester 
county,  New  York,  on  February  16,  1812,  and  died  at  Phoe- 
nixville, Pennsylvania,  on  January  14,  1884,  aged  nearly  72 
years.  He  was  the  inventor  of  the  Griflfen  gun,  and  was  for 
many  years  the  general  superintendent  of  the  Phoenix  iron 
works,  at  Phoenixville. 

Ralph  Crooker,  the  oldest  rolling-mrtll  superintendent  in 
the  United  States  at  the  time  of  his  death,  was  bom  in  the 
town  of  Bridgewater,  Massachusetts,  on  May  28,  1801,  and 
died  at  Roxbury,  Massachusetts,  on  March  2,  1886,  aged  al- 
most So  vears. 
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CHAPTER    LIV. 

EARLY    DISCOVERIES    OF    COAL  IN    THE    UNITED 

STATES. 

The  abundance  and  wide  distribution  of  mineral  fuel  in 
the  United  States  have  greatly  assisted  in  the  development 
of  our  iron  and  steel  industries.  A  notice  of  the  early  discov- 
eries of  coal  in  our  country  therefore  properly  finds  a  place 
in  these  pages. 

In  the  Statistics  of  Coal,  by  Richard  Cowling  Taylor, 
published  in  1848,  it  is  stated  that  the  earliest  historic  men- 
tion of  coal  in  this  country  is  by  the  French  Jesuit  mission- 
ary. Father  Hennepin,  who  saw  traces  of  bituminofts  coal  on 
the  Illinois  river  in  1679.  In  his  journal  he  marks  the  site 
of  a  "cole  mine"  above  Fort  Crevecoeur,  near  the  present 
town  of  Ottawa,  in  Illinois. 

We  find  the  next  historic  reference  to  coal  in  this  country 
in  a  letter  written  by  William  Byrd,  of  Virginia,  the  first  of 
the  name,  on  May  10th  and  11th,  1701,  in  part  as  follows : 
"  The  10th  of  May,  last,  I  with  Coll.  Randolph,  Capt.  Epes, 
Capt.  Webb,  &c.,  went  up  to  the  new  settlements  of  ye  flfrench 
Refugees  at  ye  Manakan  Town.  .  .  .  Wee  went  up  to  ye 
Cole,  w'ch  is  not  above  a  mile  and  a  half  from  their  settle- 
ment on  the  great  upper  Creeke,  w'ch,  riseing  very  high  in 
great  Raines. hath  washed  away  the  Banke  that  the  Coal  lyes 
bare,  otherwise  it's  very  deep  in  the  Earth,  the  land  being  very 
high,  and  near  the  surface  is  plenty  of  Slate."  The  discov- 
ery of  coal  had  been  made  by  a  Huguenot  settler.  The  In- 
dian town  referred  to  was  situated  about  twenty  miles  above 
Richmond,  on  the  south  side  of  the  James  river,  now  in  Pow- 
hatan county.  For  the  above  information  we  are  indebted  to 
the  courtesy  of  Mr.  R.  A.  Brock,  of  Richmond. 

In  his  account  of  A  Progress  to  the  Mines  of  Virginia  in 
1732,  from  which  we  have  quoted  in  our  Virginia  chapter. 
Colonel  Wm.  Byrd,  in  describing  the  air  furnace  at  Massapo- 
nax,  gives  us  the  earliest  mention  of  the  'ttse  of  coal  in  this 
country  that  we  have  found.    He  says :  "  There  is  an  opening 
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about  a  foot  square  for  the  fresh  air  to  pass  through  from 
without.  This  leads  up  to  an  iron  grate  that  holds  about 
half  a  bushel  of  sea  coal."  This  "  sea  coal "  was  probably 
brought  from  over  the  sea. 

In  the  map  of  the  middle  colonies,  published  by  Lewis 
Evans  in  1755,  we  find  mention  of  coal  in  Ohio,  but  no  men- 
tion of  coal  is  made  anywhere  within  the  limits  of  Penn- 
sj'lvania.  In  Nicholas  Scull's  map  of  Pennsylvania,  pubhsh- 
ed  in  1759,  coal  is  not  marked.  But  Mr.  Hungerford  calls 
our  attention  to  the  fact  that  coal  in  Western  Pennsylvania 
is  mentioned  in  1759  in  the  journal  of  Colonel  James  Burd, 
written  in  that  year.  Colonel  Burd  was  in  command  of  a 
detachment  of  200  of  the  king's  troops,  who  were  opening 
a  road  from  Braddock's  old  road  at  Gist's  plantation  (now 
Mount  Braddock)  to  the  Monongahela  river  at  the  mouth  of 
Dunlap'^ creek.  Mr.  Hungerford  says  that,  having  proceeded 
from  Gist's  toward  the  Monongahela  to  a  point  about  four 
and  a  half  miles  from  the  river,  Colonel  Burd  encamped 
there  on  the  evening  of  the  21st  of  September,  and  on  the 
following  day  moved  on  westward  and  made  in  his  journal 
this  entry,  namely :  "  Saturday,  Sept.  22,  1759.  The  camp 
moved  two  miles  to  Coal  Run.  This  run  is  entirely  paved 
in  the  bottom  with  fine  stone  coal,  and  the  hill  on  the  south 
of  it  is  a  rock  of  the  finest  coal  I  ever  saw.  I  burned  about 
a  bushel  of  it  on  my  fire." 

A  coal  seam  near  Pittsburgh  took  fire  in  1765  and  is  said 
to  have  burned  steadily  for  sixteen  years.  In  William  Scull's 
map  of  Pennsylvania,  published  in  1770,  coal  js  marked  iu 
Berks  county  and  at  Pittsburgh.  In  George  Washington's 
journal  of  a  tour  to  the  Ohio  river  in  1770  he  says,  under 
date  of  October  14th  of  that  year :  "  At  Captain  Cra\^'ford's 
all  day.  We  went  to  see  a  coal  mine  not  far  from  his  house, 
on  the  banks  of  tlie  river.  The  coal  seemed  to  be  of  the  verv 
best  kind,  burning  freely,  and  abundance  of  it."  The  Cap- 
tain Crawford  referred  to  was  the  celebrated  and  unfortunate 
William  Crawford,  and  his  residence  at  the  time  of  Washing- 
ton's visit  was  at  Stuart's  Crossing,  on  the  Youghiogheny  riv- 
er, where  New  Haven  now  stands,  opposite  Connellsville. 

In  1763  Colonel  Croghan,  a  British  ofiicer,  noticed  on 
the  south  side  of  the  Wabash  river  "  a  high  bank  in  which 
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are  several  fine  coal  taines,"  which  is  the  earliest  reference, 
says  Taylor,  to  coal  in  that  region.  In  the  map  of  Captain 
Hutchins,  published  at  London  in  1777,  coal  deposits  are 
marked  at  various  places  in  the  basin  of  the  Ohio  river. 

In  a  paper  read  before  the  Historical  Society  of  Penn- 
sylvania on  the  4th  day  of  January,  1875,  Mr.  William  J. 
Buck  quotes  from  the  Penn  manuscripts  to  show  that  the 
Penns  were  fully  aware  as  early  as  1769  of  the  existence  of 
coal  at  Pittsburgh.  Thomas  Penn,  in  a  letter  of  instructions 
dated  at  London,  January  31,  1769,  to  his  nephew.  Lieuten- 
ant Governor  John  Penn,  says:  "We  desire  you  will* order 
5,000  acres  of  land  to  be  laid  out  about  Pittsburgh,  including 
the  town,  which  may  now  be  laid  out,  and  I  think  from  its 
situation  will  become  considerable  in  time ;  and  that  the  land 
may  be  laid  out  to  Colonel  Francis  and  his  associates,  and 
other  gentlemen  of  whom  I  wrote,  as  contiguous  as  it  may 
be,  and  in  regular  right-angled  tracts,  if  possible."  On  the 
following  12th  of  May  he  writes  to  Mr.  Tilghman  respecting 
this  survey,  and  says :  "  I  would  not  engross  all  the  coal-hills, 
but  rather  leave  the  greater  part  to  others  who  may  work 
them."  The  difficulties  between  the  mother  country  and  her 
colonies  prevented  these  instructions  from  being  carried  out. 

In  1784,  however,  the  Penns,  who  retained  their  propri- 
etary interest  in  large  tracts  of  Pennsylvania  after  the  close 
of  the  Revolution,  including  the  manor  of  Pittsburgh,  sur- 
veyed into  building  lots  the  town  of  Pittsburgh,  and  in  the 
same  year  the  privilege  of  mining  coal  in  the  "  great  seam  " 
opposite  the  town  was  sold  at  the  rate  of  £30  for  each  min- 
ing lot,  extending  back  to  the  centre  of  the  hill.  This  event 
may  be  regarded  as  forming  the  beginning  of  the  coal  trade 
of  Pittsburgh. 

On  the  1st  of  November,  1785,  Samuel  Boyd  patented  a 
tract  of  bituminous  coal  land  near  Oldtown,  in  Clearfield 
county,  Pennsylvania,  but  no  coal  from  this  tract  was  sent 
east  of  the  AUeghenies  until  1804.  In  that  year  William 
Boyd  shipped  the  first  ark-load  of  Clearfield  county  coal  down 
the  Susquehanna  to  Columbia,  in  Lancaster  county,  a  distance 
of  260  miles.  The  new  fuel,  we  are  told,  "  was  a  matter  of 
great  surprise "  to  the  good  people  of  that  county.  Other 
ark-loads  followed  the  first  venture,  and  all  the  towns  along 
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the  Susquehamm  were  hoou  faniiliar  with  bituminouB  coal. 
In  1828  the  first  cargo  of  Pennsylvania  bituminous  oosl 
reached  Philadelphia  from  Karthaus,  in  Clearfield  county. 
This  coal  was  shipped  by  the  Allegheny  Coal  Company,  un- 
der the  superintendence  of  Dr.  Fre.derick  W.  Geisst^nhainer. 
The  coal  was  taken  down  the  Susquehanna  to  Port  Deposit, 
at  the  head  of  Chesapeake  bay,  and  thence  by  vessel  to  Phil- 
adelphia. About  the  same  time  coal  was  sent  to  Baltimore 
from  the  same  place.  The  distance  from  market  was  too 
great,  however,  and  the  means  of  transportation  too  imperfect 
to  permit  the  building  up  of  a  large  trade  in  bituminous  coni 
between  the  AUcghenicH  and  the  seaboard,  and  the  situation 
was  not  materially  changed  for  many  years  after  the  comple- 
tion in  1834  of  the  Pennsylvania  syslt'm  of  internal  improve- 
ments. The  competition  of  domestic  anthracite  and  of  for- 
eign and  domestic  bituminous  coal,  the  last  meiiUoued  from 
Virginia  and  Maryland,  was  too  great  to  be  easily  overcome, 
and  in  the  case  of  antliracite  it  has  never  yet  been  over- 
come, although  the  shipments  of  Western  Pennsylvania  coal 
and  coke  to  the  seaboard  are  steadily  increasing. 

The  Virginia  coal  mines  were  most  hkely  the  first  tliat 
were  worked  in  America.  Bituminous  mines  were  opened 
and  operated  on  tlie  James  river,  in  Chesterfield  county,  ' 
probably  about  1750.  In  July,  176(i,  in  the  f'irtjinia  Oatette, 
Samuel  Duval  advertises  coal  for  sale  at  Rockelt's,  a  lower 
landing  of  Richmond,  at  12d.  per  bushel,  "  equal  to  Nvn-cu«Uo 
coal."  Virginia  coal  was  extensively  used  during  the  Revolu- 
tion. An  air  furnace  was  built  at  Westham,  on  thv  Jamoe 
river,  above  Richmond,  which  used  coal  in  the  Diaaufoctnre 
of  shot  and  shell  for  the  Revolutionary  army.  Virginia 
coal  was  exported  to  various  cities  on  the  Atlantic  coast  be- 
fore tlie  Revolution.  On  the  31st  of  August,  177ti,  Thomoa 
Wharton,  Jr.,  and  Owen  Biddle,  of  Philadelphia,  were  au- 
thorized to  employ  proper  persons  to  bring  coal  from  Vir- 
ginia whicli  bad  been  contracted  for  by  the  CorainiltW  of 
Safety.  In  1789  Virginia  coal  sold  in  Pltiladelphia  At  Is.  6(L  I 
a  hualiel.  In  184G  the  jjrice  at  tbp  same  city  was  20  tu  22 
cents  a  buabel,  which  was  two  or  three  centit  per  busjiel  high- 
er than  Allegheny  bitinninoua  coal.  It  was  the  scaruily  of  I 
Virginia  conl  in  the  Philadelphia  marki't,  especially  during  ] 


the  war  with  Great  Britain  from  1812  to  1815,  which  largely 
contributed  in  the  early  part  of  the  present  century  to  the 
development  of  the  vast  anthracite  coal  deposits  of  Pennsyl- 
vania. The  exportation  of  Virginia  coal  amounted  to  42,- 
000  tons  in  1822,  and  it  reached  its  culmination  in  1833, 
when  142,000  tons  were  shipped  to  neighbo.ring  States.  In 
1842  the  shipments  had  fallen  to  65,000  tons.  Up  to  about 
that  year  it  was  a  loading  source  of  the  doTnestic  supply  of 
mineral  fuel  in  this  country,  and  down  to  about  1850  it  con- 
tributed the  principal  supply  to  the  gas  works  of  Philadel- 
phia' and  other  American  cities,  for  which  use  it  was  well 
adapted.  For  about  twenty  years  after  1833  the  importation 
of  bituminous  coal  from  Great  Britain  and  the  British  prov- 
inces into  Philadelphia,  principally  for  the  gas  works,  stead- 
ily increased,  owing  to  the  growing  scarcity  of  Virginia  coal. 
About  1845  coal  from  the  Pittsburgh  seam  began  to  be  used 
in  Philadelphia,  transportation  being  by  the  Pennsylvania 
Canal,  and  about  1855  the  gas  coal  of  Western  Pennsylvania, 
on  the  line  of  the  Pennsylvania  Railroad,  was  introduced  into 
Philadelphia. 

Coal  is  improbably  said  to  have  been  discovered  six  miles 
northeast  of  Baltimore  by  Benjamin  Henfrey  in  1801.  The 
Western  Maryland  coal  basin  was  soon  afterwards  opened, 
and  in  1820  the  first  shipment  of  coal  from  Alleghany  coun- 
ty, Maryland,  seems  to  have  been  made,  when  a  few  thou- 
sand tons  were  sent  down  the  Potomac  in  boats.  In  1832 
the  annual  shipment  of  Cumberland  coal  down  the  Potomac 
had  increased  to  about  300,000  bushels,  most  of  which  was 
not  sent  below  Harper's  Ferry.  The  price  of  Cumberland 
coal  at  tidewater  at  Georgetown  in  the  District  of  Columbia 
in  1838  was  20  cents  a  bushel.  In  1842  the  shipment  of 
Cumberland  coal  to  Baltimore  by  the  Baltimore  and  Ohio 
Railroad  was  commenced,  with  a  total  tonnage  of  1,708  tons. 

In  1804  the  fint  discovery  of  coal  west  of  the  Mississippi 
was  made  by  the  exploring  expedition  under  the  leadership 
of  Lewis  and  Clarke,  who  traced  brown  coal  or  lignite  from 
about  twenty  miles  above  the  Mandan  villages,  on  the  Mis- 
souri, nearly  to  the  base  of  the  Rocky  mountains,  and  also 
upon  the  Yellowstone  and  other  streams.  In  one  of  the  ex- 
ploring expeditions  througli  Louisiana  Territory  which  was 
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led  by  Captain  Z,  M.  Pike  "fine  seama  of  coal"  were  dis-  | 
covered  "far  up  the  Osage  river"  in  1806. 

Antliracite  coal  was  discovered  in  the  Wyoming  valley  as  I 
early  as  1760,  as  appears  from  Mr.  Buck's  paper.     He  -sttys  j 
that  James  Tilghmau,  of  Philadelphia,  addressed  a  letter  to  J 
the  Proprietaries,  Thomas  and  Richard  Peiin,  at  Spring  Oar- 
den,  London,  on  the  14th  day  of  August,  1766,  in  which  lie  j 
stated  that  his  hrother-in-law.  Colonel  Francis,  had  gone  "  up  j 
the  N.  E.  Branch  as  far  as  Wyoming,  where  he  says  there  is  { 
a  considerable  body  of  good  land  aud  a  very  great  fund  of 
coal  in  the  hills,  which  surround  a  very  fine  and  extensive  J 
bottom  there.    This  coal  is  thought  to  be  very  fine.  With  Iiis  j 
compliments  be  sends  you  a  piece  of  tlie  coal.    This  bed  of  1 
coal,  situate  as  it  is  on  the  side  of  tlie  river,  may  some  limo  j 
or  other  be  a  thing  of  great  value."    By  way  of  postscript  he  I 
adds :  "  The  coal  is  in  a  small  package  of  the  Governor's," 
In  a  reply  from  Thomas  Penn  to  Mr.  Tilghraan,  dated  at  | 
London  on  the  following  7th   of  November,  he  says,  in  ao-  I 
knowledgiuent :  "I  desire  you  will  return  my  thanks  to  Col- 
onel Francis  for  his  good  services  in  removing  the  intrudi'rs  ] 
that  were  settle*!  on  the  Indians'  land,  and  for  the  piece  of  j 
coal,  which  we  shall  have  examinefl  by  some  persons  skillful  I 
in  that  article  and  send  their  observations  on  it."     It  is  fur- 
ther stated  by  Mr.  Buck  tliat  the  next  mention  of  coal  in  tUts  I 
section  is  in  a  draft  by  Charles  Stewart  from  a  survey  uuid«  A 
in  1768  of  a   lai^e  tract  of   land  ou  the  west   side  of   tbe  i 
Susquehanna,  opposite  to   the  present   city   of  Wilkesbarre, 
which  has  "  stone  coal  "  marked  thereon.    The  German  trav- 
eler. Dr.  Schoepf,  tells  us  that  in  1783  lie  found  specimens  ] 
of  coal  in  the  Swatara  creek,  in  Lebanon  county,  and  leamCil  I 
of  its  existence  up  the  west  branch  of  the  Susquehanna. 

The  Wyoming  valley  was  partly  settled  by  a  colony  of  I 
Connecticut  people  in  1762,  representing  "The  Susquebuimal 
Company."  In  the  same  year  the  Indiana  murdered  about  I 
twenty  of  tlie  colony  and  the  remainder  of  tim  settlers  K'entl 
driven  away.  Gradually  the  survivorH  and  others  aaaociatodJ 
witli  tliem  returned  to  tlie  valley,  and  in  1768-0  it  is  claiined'l 
that  two  of  the  seltlero,  being  two  broUiers  named  Gore,  from  I 
Connecticut,  who  were  bkcksmiths,  were  the  first  peraons  lul 
this  country  to  use  antliracite  coal,  ustug  it  in  a  forge  fire. 
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In  1776  and  throughout  the  Revolutionary  war  anthra- 
cite coal  was  taken  in  arks  from  the  Wyoming  mines  above 
Wilkesbarre  down  the  Susquehanna  to  the  United  States  ar- 
mory at  Carlisle.  Mr.  Buck  says  that  the  first  shipment  of 
about  twenty  tons  of  this  coal  "was  obtained  from  a  bed 
belongftg  to  Judge  HoUenback,  one  mile  above  Wilkesbarre, 
near  the  mouth  of  Mill  creek."  S.  H.  Daddow  says  in  the 
American  Cyclopcedia  that  some  of  it  also  came  from  the  old 
Smith  mine  in  the  vicinity  of  Plymouth. 

At  Carbondale,  in  the  northeastern  section  of  the  Wyo- 
ming coal  field,  anthracite  coal  was  discovered  in  1804  by  a 
surveyor  named  Samuel  Preston,  and  in  1814  William  and 
Maurice  Wurtz  commenced  to  make  arrangements  for  its  de- 
velopment. In  1815,  after  many  discouraging  attempts,  they 
succeeded  in  sending  one  ark-load  of  coal  to  Philadelphia 
through  the  Lackawaxen  and  Delaware  rivers,  but  the  ex- 
periment was  not  repeated  until  1823,  after  which  shipments 
to  Philadelphia  were  successfully   made. 

Anthracite  coal  appears  to  have  been  known  to  the  set- 
tlers within  the  limits  of  the  Schuylkill  coal  field  as  early 
as  1770.  In  William  SculPs  map  of  Pennsylvania,  publish- 
ed in  that  year,  "  coal  '*  is  marked  about  the  head  waters  of 
Schuylkill  creek,  thence  stretching  westward  to  those  of  the 
Swatara  and  to  "  the  wilderness  of  St.  Anthonv."  This  "  wil- 
demess,"  we  may  mention,  extended  from  Peters's  mount- 
ain, in  Dauphin  county,  westward  to  the  Kittatinny  or  Blue 
mountains. 

The  act  of  the  Pennsylvania  legislature  of  March  15, 
1784,  for  the  improvement  of  the  navigation  of  the  Schuyl- 
kill, mentions  "  the  coal  mines  at  Basler's  saw-mill "  in 
Schuylkill  county.  A  hunter  named  Nicholas  Allen  is  said 
to  have  discovered  coal  in  1790  at  the  foot  of  Broad  mount- 
ain, in  the  same  county.  No  attempt  to  mine  the  coal  dis- 
covered by  Nicholas  Allen  seems  to  have  been  made.  Read- 
ing Howell,  in  his  map  of  Pennsylvania,  published  in  1792, 
marks  the  existence  of  "  coal "  near  the  source  of  Panther 
creek,  about  five  miles  east  of  the  present  town  of  Tamaqua, 
and  on  the  border  of  Carbon  county.  In  1795  a  blacksmith 
named  Whetstone  used  anthracite  coal  near  Pottsville,  while 
others  attempted  to  use  it  and  abandoned  it  in  disgust. 


About  1800  William  Morris  took  a  wagon-load  of  anthra- 
cite coal  from  near  Port  Carbon  to  Philadelphia,  but  nobody 
wanted  it,  and  Mr.  Morris  made  no  further  efforts  to  mine  or 
sell  coal.  About  1806  coal  waa  found  at  Valley  Forge,  on  the 
Schuylkill  river,  and  a  blacksmith  named  David  Berlin  and 
otliera  successfully  used  it.  In  1812  Col.  George  SlioAnaker, 
of  Pottsville,  loaded  nine  wagons  with  coal  from  his  mines 
at  Centreville  and  hauled  it  to  Philadelphia,  where  with 
great  difficulty  he  sold  two  loads  at  the  cost  of  transporta- 
tion and  gave  the  otVier  seven  loads  away.  He  waa  by  many 
regarded  as  an  impostor  for  attempting  to  sell  stone  as  coal. 

The  first  discovery  of  anthracite  coal  in  the  Lehigh  re- 
gion is  said  to  have  been  made  in  the  Maueh  Chunk  mount- 
ain, about  nine  miles  west  of  Mauch  Chunk,  where  the  town 
of  Summit  Hill  is  now  located,  by  a  poor  hunter  named  Phil- 
ip Gintor,  in  1791.  Pieces  of  the  coal  discovered  by  Ginter 
were  taken  to  Colonel  Jacob  Weiss,  at  Fort  Allen,  who  opened 
a  "quarry"  in  the  coal  mountain  tliat  year.  The  discovery 
of  coal  on  the  Lehigh  Wiis  announced  as  follows  in  the  Nnv 
York  McK/axiTie  for  February,  1792,  in  a  communication  dated 
Philadelphia,  January  31at:  "A  coal  mine  has  been  discovered 
on  the  Lehigh,  in  the  county  of  Northampton.  The  coal  yet 
found  is  small,  but  there  is  every  reason  to  believe  that  by 
searching  deeper  it  will  be  found  larger.  The  quality  is  good. 
If  this  natural  advantage  is  improved  it  will  be  a  prodigious 
resource  to  the  city  and  cheapen  the  article  of  fuel,  which 
now,  from  tlie  labor  of  transportation,  bears  a  high  price." 

In  1793  Colonel  Weiss,  John  Nicholson,  Michael  Hill^aa, 
Charles  Cist,  Robert  Morris,  (of  Revolutionary  fame,)  J.  An- 
thony Morris,  and  others  organized  tho  Lehigh  Coal  Mine 
Company,  which  obtained  control  of  about  six  thousand  acres 
of  coal  land,  and  several  tons  of  coal  were  soon  "  dug  up." 
But  there  was  no  market  nearer  than  Philadelphia,  and  there 
were  poor  means  of  communication  with  that  city.  It  waa 
not  until  1803  that  the  company  succeeded  in  floating  two 
arks  to  Philadelphia,  through  the  Lehigh  and  Delaware  riv- 
ers, laden  with  two  hundred  tons  of  coal.  Five  arks  were 
started,  but  three  of  these  were  wrecked.  ■  The  coal,  however, 
could  not  be  made  to  burn,  probably  because  large  lumps 
were  used,  and  it  was  throwii  away  as  useless  for  any  puri>oae 
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except  to  "  gravel  footwalks."  In  1806  William  TurnbuU, 
of  Philadelphia,  floated  three  hundred  bushels  of  coal  from 
this  region  to  Philadelphia  in  an  ark  he  had  constructed  at 
Lausanne.  The  coal  was  sold  to  the  officers  of  the  Central 
Square  water  works,  but  it  proved  to  be  unmanageable,  and 
Mr.  TufnbulPs  experiment  was  not  repeated. 

In  1814  two  ark-loads  of  Lehigh  coal  reached  Philadel- 
phia from  the  mines  of  the  Lehigh  Coal  Mine  Company,  then 
leased  by  the  Hon.  Charles  Miner  and  Jacob  Cist,  a  son  of 
Charles  Cist,  and  this  time  the  coal  was  sold  at  $21  a  ton 
and  successfully  used  by  the  purchasers,  Josiah  White  and 
Erskine  Hazard,  who  were  then  manufacturing  wire  at  the 
Falls  of  Schuylkill.  After  this  venture  Miner  and  Cist  aban- 
doned the  mining  of  anthracite  coal.    They  had  lost  money. 

In  1817  White  &  Hazard  and  George  F.  A.  Hauto  be- 
came interested  in  the  improvement  of  the  navigation  of  the 
Lehigh  river  for  the  purpose  of  aiding  in  the  development 
of  the  Lehigh  coal  mines,  and  on  the  20th  of  March,  1818, 
an  act  of  the  Pennsylvania  legislature  was  passed  authorizing 
the  incorporation  of  the  Lehigh  Coal  and  Navigation  Com- 
pany. This  company  obtained  a  lease  for  twenty  years  of 
the  Lehigh  Coal  Mine  Company's  lands,  then  amounting  to 
ten  thousand  acres,  *for  one  ear  of  corn  a  year,  if  demanded ; 
with  the  proviso  that,  from  and  after  three  years,  the  latter 
company  should  send,  on  its  own  account,  at  least  40,000 
bushels  of  coal,  or  about  1,500  tons,  per  annum  to  Philadel- 
phia. The  new  company  commenced  work  immediately.  In 
1820  it  sent  365  tons  of  anthracite  coal  to  market ;  in  1821, 
1,073  tons ;  in  1822,  2,240  tons ;  in  1823,  5,823  tons ;  and  in 
1826  its  trade  increased  to  31,280  tons.  During  the  next 
year,  1827,  the  Mauch  Chunk  Railroad  was  finished  and  the 
improvement  of  the  ascending  navigation  was  put  under 
contract,  soon  after  which  shipments  steadily  increased. 

The  Middle  coal  region,  occupying  a  wild  and  broken 
section  of  country  between  the  Wyoming  and  Schuylkill  re- 
gions, and  extending  on  the  east  to  the  Lehigh  region,  was 
the  last  of  the  four  great  anthracite  coal  fields  of  Pennsyl- 
vania to  be  developed.  The  Mahanoy  and  Shamokin  basins 
compose  its  principal  divisions.  Coal  pits  or  mines  are  mark- 
ed in  the  neighborhood  of  Mahanoy  creek,  above  Crab  run, 
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in  William  SculPs  map  of  Pennsylvania  in  1770.  But  little 
mining  was  done  in  the  region  until  1834,  owing  mainly  to 
its  inaccessibility.  In  that  year  500  tons  were  mined  and 
hauled  in  wagons  to  neighboring  districts. 

Down  to  1808  the  anthracite  coal  of  the  Wyoming  valley 
was  used  only  in  smiths'  forges,  but  in  that  year  Judge  Jesse 
Fell,  of  Wilkesbarre,  was  successful  in  using  it  in  a  grate,  as 
clearly  appears  from  a  memorandum  signed  with  his  name 
and  dated  February  11, 1808.  This  may  have  been  the  first 
successful  attempt  that  had  been  made  to  use  the  new  fuel 
for  domestic  purposes  in  a  grate  either  in  this  country  or 
in  any  other  country.  (Anthracite  coal  was  not  used  in 
Wales  until  1813,  nor  in  France  until  1814.)  Its  use  in 
grates  soon  became  general  wherever  it  was  mined  or  could 
be  transported.  "  In  the  year  1788,"  says  Judge  Fell,  "  I 
used  it  in  a  nailery,  and  found  it  to  be  profitable  in  that 
business.  The  nails  made  with  it  would  neat  the  weight  of 
the  rods,  and  frequently  a  balance  over."  It  is  claimed  by 
Dr.  T.  C.  James,  of  Philadelphia,  in  a  paper  read  before 
the  Historical  Society  of  Pennsylvania  on  April  19th,  1826, 
that  he  successfully  used  anthracite  coal  in  his  house  in  1804 
and  thenceforward.  Unfortunately  Dr.  James  does  not  say 
whether  he  used  the  coal  in  a  stove  or  a  grate. 

The  well-known  Blossburg  semi-bituminous  coal  region 
of  Pennsylvania  was  not  brought  into  public  notice  until 
after  1832,  in  which  year  it  was  geologically  surveyed  by 
Richard  Cowling  Taylor.  In  1840  its  development  began  by 
the  building  of  a  railroad  to  reach  northern  markets.  In 
that  year  4,235  tons  were  sent  to  market,  followed  by  25,- 
966  tons  in  1841.  The  Broad  Top  semi-bituminous  coal  re- 
gion of  t^ennsylvania  was  but  very  slightly  developed  mitil 
1856,  when  the  Huntingdon  and  Broad  Top  Railroad  was 
completed  and  the  first  coal  was  sent  eastward  to  market. 

Anthracite  coal  of  inferior  quality  was  discovered  in 
Rhode  Island  and  Massachusetts  about  1760.  It  has  also 
been  discovered  in  Virginia,  Colorado,  and  New  Mexico. 

The  existence  of  coal  in  Alabama  was  first  noticed  in 
1834,  by  Dr.  Alexander  Jones,  of  Mobile. 

The  beginning  of  the  regular  manufacture  of  Connells- 
ville  coke,  which  is  widely  celebrated  for  its  excellence  as  a 
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fuel  for  blast  furnaces,  dates  from  the  summer  of  1841,  when 
Provance  MeCormick  and  James  Campbell  made  an  agree- 
ment with  John  Taylor  by  which  he  was  to  erect  two  ovens 
for  making  coke  on  his  farm  lying  on  the  Youghiogheny 
river,  near  Sedgwick  station,  a  few  miles  below  Connellsville, 
Pennsylvania.  The  ovens  were  built  of  the  bee-hive  pattern. 
After  repeated  failures  a  fair  quality  of  coke  was  produced 
in  the  winter  of  1841-2.  By  the  spring  of  1842  enough 
coke  had  been  made  to  load  two  boats,  each  of  which  was  90 
feet  long.  These  boats  were  built  by  MeCormick  and  Camp- 
bell, who  were  carpenters.  Both  boats  were  taken  by  William 
Turner,  pilot,  down  the  Youghiogheny,  the  Monongahela,  and 
the  Ohio  to  Cincinnati,  where  purchasers  were  obtained  for 
the  coke  after  much  difficulty.  Others  embarked  in  1842  in 
the  manufacture  of  coke,  and  were  more  successful. 

About  1844  improved  ovens  were  introduced  in  the  Con- 
nellsville district  by  Colonel  A.  M.  Hill,  whose  energy  and 
success  gave  much  impetus  to  the  business  of  making  coke. 
In  1855  there  were  only  26  coke  ovens  at  work  in  the  dis- 
trict "  above  Pittsburgh,"  and  in  all  Western  Pennsylvania 
there  were  probably  less  than  a  hundred ;  now  the  number 
of  ovens  in  the  Connellsville  district  alone  may  be  counted 
by  thousands,  most  of  them  built  after  improved  models. 
To-day  Connellsville  coke  is  extensively  used  in  the  blast 
furnaces  of  many  States,  its  use  for  this  purpose  extending 
to  the  Mississippi  valley,  while  it  is  used  as  far  west  as 
Utah  and  California  for  other  purposes.  Over  one-third  of 
the  annual  production  of  pig  iron  in  this  country  is  now 
made  with  this  fuel.  Its  use  as  a  furnace  fuel  properly 
dates  from  1860,  when  it  was  first  used  at  Pittsburgh  in  a 
furnace  owned  by  Graff,  Bennett  &  Co.,  and  known  as  Clin- 
ton furnace.  This  was  the  first  continuous  and  successful 
use  of  Connellsville  coke  in  a  blast  furnace.  This  coke  is 
free  from  sulphur,  but  contains  more  ash  than  the  celebrat- 
ed Durham  coke  of  England.  One  hundred  pounds  of  Con- 
nellsville coal  will  make  62i  pounds  of  coke. 

The  shipments  of  Connellsville  coke  in  1890  amounted 
to  6,221,518  net  tons.  The  shipments  of  Pocahontas  Flat 
Top  coke,  from  Virginia  and  West  Virginia,  amounted  in  the 
same  year  to  433,319  net  tons. 
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We  give  below  the  official  statistics  of  the  production 
of  coal  in  the  United  States  in  the  census  years  1870  and 
1880,  ending  on  the  31st  day  of  May  of  each  year,  and  in 
the  census  year  1889,  ending  on  the  31st  day  of  December. 


Years— Gross  tons. 


Bituminous  ooal.  j  Anthracite  coaL 


Total. 


Census  year  1870. 
Census  year  1880. 
Census  year  1889. 


15,356,621 
38,2I2.&» 
85,383,059 


13.985,960 
25,560,189 
40,714,720 


29.842,581 

63,822,830 

126,097,779 


The  production  of  bituminous  coal  in  the  nine  years 
and  seven  months  ending  with  December  31, 1889,  increased 
123  per  cent.,  while  the  production  of  anthracite  coal  in- 
creased 59  per  cent  The  total  production  in  the  same  pe- 
riod increased  about  98  per  cent. 

The  following  table  gives  in  tons  of  2,000  pounds  the 
production  of  bituminous  and  anthracite  coal  in  the  United 
States  in  the  census  year  1889,  by  States  and  Territories. 


states  and  Territories. 

BUumirunu. 

Alabama 

Arkansas 

California  and  Oregon 

Colorado 

Illinois 

Indiana 

Indian  Territory 

Iowa 

Kansas  and  Nebraska j 

Kentucky J 

Maryland 

Michigan j 

Missouri i 

Montana 

New  Mexico | 

North  Carolina  and  Georgia..' 
North  Dakota 


Production  in 
1889-Net  tons. 


states  and  Territories. 


Production  in 
180»-Net  tons. 


3,672,983 

279,584 

1M,179 

2,54^1,144 

12,104,272 

2,M5,a)7 

752,832 

4,095,358 

2,222,443 

2,399,755 

2,939,715 

67,431 

2,557,823 

36:^,301 

486,463 

226,156 

28,9(17 


I  Ohio 9.976,787 

■  Pennsylvania - »...  86,174.089 

i  Tennessee I  1,925,689 

i  Texas 128,216 

;  Utah 236,651 

Virginia '  865.786 

Washington 1,030.57^ 

i  West  Virginia 6.231,880 

;  Wyoming j  1,388.917 

Total  bituminous, i  95,629.0'J6 

Anthracite. 

Pennsylvania ,  45.544,970 

Colorado.  New  Mexico,  and 

Rhode  Island 55,517 

Total  anthracite. 45.600.487 

Grand  total 141,229.513 


For  tlie  facts  contained  in  this  chapter  we  are  indebt- 
ed to  many  sources  of  information,  but  we  have  been  most 
assisted  by  the  patient  researches  of  William  J.  Buck,  by  the 
exhaustive  work  of  Samuel  Harries  Daddow  and  Benjamin 
Bannan  on  Coalj  Iron,  ami  Oil,  published  in  1866,  ancl  by 
the  valuable  Introditjction  to  the  report  on  manufactures  ac- 
companying the  census  of  1860.  The  census  statistics  for 
1889  were  compiled  by  Mr.  John  H.  Jones,  special  agent. 
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CHAPTER  LV. 

BRITISH  EFFORTS  TO  PREVENT  THE  DEVELOPMENT 
OF  THE  AMERICAN  IRON  INDUSTRY. 

Many  of  the  difficulties  encountered  in  the  early  devel- 
opment of  all  our  industries  were  inseparable  from  the  con- 
ditions which  attend  the  settlement  of  a  new  .country,  but 
others  were  of  a  political  character,  and  grew  out  of  the 
dependent  relation  of  the  colonies  to  Great  Britain.  The 
first  Lord  Sheffield  declared  that  "the  only  use  and  advan- 
tage of  American  colonies  or  West  India  islands  is  the  monop- 
oly of  their  consumption  and  the  carriage  of  their  produce." 
McCulloch,  in  his  Commei'dal  Dictionary,  admits  that  it  was 
"  a  leading  principle  in  the  system  of  colonial  policy,  adopted 
as  well  by  England  as  by  the  other  European  nations,  to  dis- 
courage all  attempts  to  manufacture  such  articles  in  the  colo- 
nies as  could  be  provided  for  them  by  the  mother  country." 
Dr.  William  Elder,  in  his  Questions  of  the  Day,  says  :  "  The 
colonies  were  held  under  restraint  so  absolute  that,  beyond  the 
common  domestic  industries  and  the  most  ordinary  mechan- 
ical employments,  no  kind  of  manufactures  was  permitted." 
Bancroft,  in  his  History  of  the  United  States  of  America^  says 
that  "  England,  in  its  relations  with  other  States,  sought  a 
convenient  tariff;  in  the  colonies  it  prohibited  industry."  He 
further  says :  "  The  British  nation  took  no  part  in  the  strifes 
between  the  governors  and  the  colonies ;  but  they  were  jeal- 
ously alive  to  the  interests  of  their  own  commerce  and  manu- 
factures. That  the  British  creditor  might  be  secure  lands  in 
the  plantations  were,  by  act  of  Parliament,  made  liable  for 
debts.  Every  branch  of  consumption  was,  as  far  as  practica- 
ble, secured  to  English  manufacturers ;  every  form  of  compe- 
tition in  industry,  in  the  heart  of  the  plantations,  was  dis- 
couraged or  forbidden."  In  1750  appeared  the  celebrated  de- 
liverance of  a  prominent  Englishman,  Joshua  Gee,  in  which 
he  boldly  declared  that  the  British  people  "  ought  always  to 
keep  a  watchful  eye  over  our  colonies,  to  restrain  them  from 
setting  up  any  of  the  manufactures  which  are  carried  on  in 
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Great  Britain,  and  any  such  attempts  should  be  crushed  in 
the  beginning,  for  if  they  are  suffered  to  grow  up  to  maturity 
it  will  be  difficult  to  suppress  them."  He  especially  recom- 
mended that  "  all  slitting  mills,  and  engines  for  drawing  wire 
or  weaving  stockings,  be  put  doivnJ'^  Mathew  Carey,  in  his 
Essays  on  Political  Economy,  says :  "  The  great  Chatham,  the 
least  hostile  to  British  America  of  British  ministers,  in  his 
speech  in  the  House  of  Lords,  on  the  address  to  the  throne, 
in  1770,  expressed  his  utmost  alarm  at  the  first  efforts  at 
manufactures  in  America/'  Henry  C.  Carey  informs  us,  in 
his  Principles  of  Social  Science,  that  even  the  distinguished 
Lord  Chatham  "  declared  that  he  would  not  allow  the  colo- 
nists to  make  even  a  hobnail  for  themselves." 

A  law  of  Virginia,  to  encourage  textile  manufactures  in 
that  province,  passed  in  1684,  was  annulled  in  England.  In 
1699  the  exportation,  by  land  or  water,  of  wool  and  woolen 
manufactures  from  one  colony  to  another  was  prohibited. 
This  was  done  that  English  woolen  manufacturers  might 
have  a  monopoly  in  supplying  the  colonists  with  woolen 
goods.  From  1719  to  1732  British  merchants  "  complained  in 
memorials  to  the  government  that  the  people  of  Massachu- 
setts, New  York,  Connecticut,  Rhode  Island,  and  Maryland 
were  setting  up  manufactures  of  woolen  and  linen  for  the  use 
of  their  own  families,  and  of  flax  and  hemp  for  coarse  bags 
and  halters."  Bancroft  says :  "  In  the  land  of  furs  it  was 
found  that  hats  were  well  made :  the  London  company  of 
hatters  remonstrated,  and  their  craft  was  i)rotected  by  an  act 
forbidding  hats  to  be  transported  from  one  i)lantation  to  an- 
other." ''  In  1732,"  says  Henry  C.  Carey,  in  his  great  work 
above  mentioned,  "  the  exportation  of  hats  from  province  to 
province  was  prohibited,  and  the  number  of  hatters*  appren- 
tices was  limited  by  law."  In  1750  a  hatter-shop  in  Massa- 
chusetts was  declared  by  the  British  Parliament  to  be  a  nui- 
sance. 

Concerning  the  attitude  of  Great  Britain  toward  the  wool- 
en manufactures  of  the  colonies  at  as  late  a  period  as  the 
beginning  of  the  Revolution  we  quote  from  Adam  Smith,  in 
his  WeaUh  of  Naiions,  published  in  1776 :  "  She  prohibits  the 
exportation  from  one  province  to  another  by  water,  and  even 
the  carriage  by  land  upon  horseback  or  in  a  cart,  of  hats,  of 
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wools  and  woolen  goods,  of  the  produce  of  America ;  a  reg- 
ulation which  effectually  prevents  the  establisliment  of  any 
manufacture  of  such  commodities  for  distant  sale,  and  con- 
fines the  industry  of  her  colonists  in  this  way  to  such  coarse 
and  household  manufactures  as  a  private  family  commonly 
makes  for  its  own  use,  or  for  that  of  some  of  its  neighbors 
in  the  same  province." 

In  the  seventeenth  century  the  colonial  iron  industry 
was  so  slowly  developed  that  it  attracted  but  little  attention 
in  Great  Britain ;  but  at  the  beginning  of  the  eighteenth 
century,  when  Pennsylvania,  Maryland,  and  Virginia  began 
to  manufacture  iron  and  to  export  it  to  England,  the  possi- 
bilities of  its  development  in  competition  with  the  English 
iron  industry  became  a  source  of  uneasiness  to  English 
ironmasters.  In  the  following  passage  Bancroft  details  the 
results  of  tliis  apprehension. 

The  proprietors  of  English  iron  works  were  jealous  of  American  indus- 
try. In  1719  news  came  that,  in  some  parts  of  Massachusetts,  *'  the  inhabit- 
ants worked  up  their  wool  and  flax,  and  made  a  coarse  sort  for  their  ow^n  use ; 
that  they  manufactured  great  part  of  their  leather,  that  there  were  also  hat- 
ters in  the  maritime  towns ;  and  that  six  furnaces  and  nineteen  forges  were 
set  up  for  making  iron."  These  six  furnaces  and  nmeteen  forges  were  a 
terror  to  England,  and  their  sj)ectre8  haunted  the  public  imagination  for 
a  quarter  of  a  century.  The  House  of  Commons  readily  resolved  that 
"the  erecting  manufactories  in  the  colonies  tended  to  lessen  their  depend- 
ence ;"  and,  under  pretense  of  encouraging  the  importation  of  American  lum- 
ber, they  passed  a  bill  having  the  (clause,  "  that  none  in  the  plantations 
should  manufacture  iron  wares  of  any  kind  out  of  any  sows,  pigs,  or  bars 
whatsoever."  The  House  of  Ixjrds  added,  "  that  no  forge,  going  by  water, 
or  other  works  should  be  erected  in  any  of  the  said  plantations,  for  the 
making,  working,  or  converting  of  any  sows,  pigs,  or  cast-iron  into  bar  or 
rod  iron."  The  opposition  of  the  northern  colonies  defeated  the  bill ;  Eng- 
land would  not  yet  forbid  the  colonists  to  manufacture  a  lx)lt  or  a  nail ;  but 
the  purpose  was  never  abandoned. 

The  distinguished  American  historian  records  in  the  fol- 
lowing language  the  culmination  of  the  repressive  policy  of 
the  mother  country  toward  the  iron  industry  of  the  colonies. 
"  America  abounded  in  iron  ore ;  its  unwrought  iron  was  ex- 
cluded by  a  duty  from  the  English  market;  and  its  people 
were  rapidly  gaining  skill  at  the  furnace  and  the  forge. 
In  February,  1750,  the  subject  engaged  the  attention  of  the 
House  of  Commons.  To  check  the  danger  of  American  rival- 
ry Charles  Townshend  was  placed  at  the  head  of  a  committee. 
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After  a  few  days'  deliberation  he  brought  in  a  bill  which  per- 
mitted American  iron  in  its  rudest  forms  to  be  imported  duty 
free;  but,  now  that  the  nailers  in  the  colonies  could  afford 
spikes  and  large  nails  cheaper  than  the  English,  it  forbade 
the  smiths  of  America  to  erect  any  mill  for  slitting  or  rolling 
iron,  or  any  plating-forge  to  work  with  a  tilt-hammer,  or  any 
furnace  for  making  steel.  .  .  .  The  house  divided  on  the 
proposal  that  every  slitting  mill  in  America  should  be  abol- 
ished. The  clause  failed  only  by  a  majority  of  twenty-two ; 
but  an  immediate  return  was  required  of  every  mill  already 
existing,  and  the  number  was  never  to  be  increased."  The 
act  of  Parliament  to  which  Bancroft  here  alludes  contained 
many  provisions,  but  its  principal  provisions  were  as  follows. 

WiiKREAs,  The  importation  of  bar  iron  from  Hig  Majesty's  colonies  in 
America  into  the  \yoTt  of  London,  and  the  importation  of  pig  iron  from  the 
said  colonies  into  any  port  of  Great  Britain,  and  the  manufat^ture  of  such 
bar  and  pig  iron  in  Great  Britain,  will  be  a  great  advantage,  not  only  to  the 
said  colonies,  but  also  to  this  kingdom,  by  furnishing  the  manufiu^turerR  of 
iron  with  a  supply  of  that  useful  and  necessary  commodity,  and  by  means 
thereof  large  sums  of  money,  now  annually  paid  for  iron  to  foreigners,  will 
be  saved  to  this  kingdom,  and  a  greater  quantity  of  the  woolen,  and  other  man' 
ufaclnres  of  Great  Britain^  will  be  exported  to  America,  in  exchange  for  such  iron 
m  imported ;  be  it  therefore  enacted  by  the  King's  most  excellent  migesty, 
by  and  with  the  advice  and  consent  of  the  Lords,  spiritual  and  tem|)ora1, 
and  Commons,  in  this  present  Parliament  assembled,  and  by  the  authority 
of  the  same,  that  from  and  after  the  twenty-fourtli  day  of  June,  one  thou- 
Siind  seven  hundred  and  fifty,  the  several  and  rcsi>ective  subsidies,  customs, 
imi>ositions,  rates,  and  duties,  now  payable  on  pig  iron,  made  in  and  imiKjrt- 
ed  from  His  Majesty's  colonies  in  America  into  any  i>ort  of  Great  Britain, 
shall  cease,  determine,  and  be  no  longer  paid ;  and  that  from  and  after  the 
said  twenty-fourth  day  of  June  no  subsidy,  custom,  imi)08ition,  rate,  or  duty 
whatever  shall  l)e  i>ayable  upon  bar  iron  made  in  and  imported  from  the 
sjiid  colonies  into  the  port  of  Ixjndon ;  any  law,  statute,  or  usage  t<>  the  wn- 
trary  thereof  in  any  wise  notwithstimdinj,'. 

And,  that  pig  and  bar  iron  maile  in  His  ^lajesty's  colonies  in  Ameri(^ 
nmy  hr  further  mannfartuml  in  this  kingdom^  be  it  further  enacted  by  the 
authority  aforesaid,  that  from  and  after  the  twenty-fourth  day  of  June,  one 
thousand  seven  hundred  and  fifty,  no  mill  or  other  engine  for  slitting  or 
roiling  of  iron,  or  any  plateing  forge  to  work  with  a  tilt  liammer,  or  any  fur- 
nace for  making  steel,  shall  be  erected,  or  after  such  erection  continue<i  in 
any  of  His  Majesty's  colonies  in  America ;  and  if  any  person  or  i)ersoni> 
shall  erect,  or  cause  to  be  erected,  or  after  such  erection  continue,  or  caiL^t^ 
to  be  continued,  in  any  of  the  said  colonies,  any  such  mill,  engine,  forge,  or 
fumacxj,  every  person  or  jKirsons  so  offending  shall,  for  every  such  mill,  en- 
gine, forge,  or  furnace,  forfeit  the  sum  of  two  hundred  i>ounds  of  lawful 
money  of  (ireat  Britain. 
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And  it  is  hereby  further  enacted  by  the  authority  aforesaid,  that  every 
such  mill,  engine,  forge,  or  furnace,  so  erected  or  continued,  contrary  to  the 
directions  of  this  act,  shall  he  deemed  a  common  nuUajice,  and  that  every  gov- 
ernor, lieutenant-governor,  or  conmiander-in-chief  of  any  of  His  Majesty's 
colonies  in  America,  where  any  such  mill,  engine,  forge,  or  furnace  sliall 
be  erected  or  continued,  shall,  upon  information  to  him  made  and  given, 
upon  the  oath  of  any  two  or  more  (Tedible  witnesses,  that  any  such  mill, 
engine,  forge,  or  furnace  hath  been  so  erected  or  continued,  (which  oath 
such  governor,  lieutenant-governor,  or  commander-in-chief,  is  hereby  au- 
thorized and  required  to  adminL^ter,)  order  and  cause  every  such  mill,  en- 
gine, forge,  or  furnace  to  be  abated  within  the  space  of  thirty  days  next 
after  such  information  given  and  made  as  aforesaid. 

The  provision  in  the  above  act  wliich  repealed  the  du- 
ties on  colonial  pig  iron  and  bar  iron  imported  into  Great 
Britain  was  wholly  based  on  the  necessities  of  the  mother 
country,  and  was  not  in  the  least  due  to  a  desire  to  build  up 
a  colonial  iron  industrv  for  the  benefit  of  the  colonies  them- 
selves.  There  was  in  1750  a  scarcity  of  wood  in  England  for 
the  supply  of  charcoal,  which  was  then  the  principal  fuel 
used  in  the  smelting  and  refining  of  iron,  but  forests  every- 
where abounded  in  the  colonies  and  iron  ore  had  been  found 
in  many  places.  The  manufacture  of  pig  iron  and  bar  iron 
in  the  colonies,  and  their  exportation  to  England,  to  meet  a 
scarcity  of  the  domestic  supply  of  these  raw  products,  and  to 
be  exchanged  for  British  woolen  and  other  manufactures,  was 
therefore  encouraged.  The  provision  relating  to  articles  made 
from  pig  iron  and  bar  iron  was  intended  to  be  prohibitory 
of  their  manufacture  in  the  colonies.  Adam  Smith  thus  de- 
scribed in  1776  the  character  of  this  legislation,  which  had  not 
been  repealed  nor  altered  down  to  that  period,  the  beginning 
of  the  Revolution  :  "  While  Great  Britain  encourages  in  Amer- 
ica the  manufactures  of  pig  and  bar  iron,  by  exempting  them 
from  duties  to  which  the  like  commodities  are  subject  when 
imported  from  any  other  country,  she  imposi^s  an  absolute 
prohibition  upon  the  erection  of  steel  furnaces  and  slit-mills 
in  any  of  her  American  plantations.  She  will  not  suffer  her 
colonists  to  work  in  those  more  refined  manufactures  even  for 
their  owti  consumption,  but  insists  upon  their  purchasing  of 
her  merchants  and  manufacturers  all  goods  of  this  kind 
which  they  have  occasion  for." 

Bancroft  comments  as  follows  upon  the  reception  which 
was  given  in  England  to  the  new  law.  ^ 
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While  England  applauded  the  restriction,  its  owners  of  iron  mines 
grudged  to  America  a  share  of  the  market  for  the  rough  material ;  the  tan- 
ners, from  the  threatened  inaction  of  the  English  furnaces,  feare<i  a  dimin- 
ished supply  of  bark ;  the  clei^  and  gentry  foreboded  injury  to  the  price 
of  woodlands.  The  importation  of  bar  iron  from  the  colonies  was  therefore 
limited  to  the  port  of  London^  which  already  had  its  supply  from  abroad.  The 
ironmongers  and  smiths  of  Birmingham  thought  well  of  importing  bare  of 
iron  free ;  but,  from  "  compassion  '*  to  the  "  many  thousand  families  in  the 
kingdom  "  who  otherwise  "  must  be  mined,"  they  prayed  that  **  the  Ameri- 
can people  "  might  be  subject  not  to  the  proposed  restrictions  only,  but  to 
such  others  "  as  may  secure  for  ever  the  trade  to  this  country."  Some  would 
have  admitted  the  mw  material  from  no  colonv  where  its  minute  manuiact- 
ure  was  carried  on. 

The  act  of  1750  was  generally  enforced  in  the  colonies, 
and  the  further  erection  of  slitting  and  rolling  mills,  plating 
forges,  and  steel  furnaces  was  prevented.  Works  of  the  char- 
acter described  which  had  been  erected  previous  to  the  pas- 
sage of  the  act  could  not,  however,  be  legally  prevented  from 
continuing  in  operation.  The  governors  of  the  several  colo- 
nies issued  proclamations  commanding  obedience  to  the  re- 
quirements of  the  new  law.  The  proclamation  of  lieutenant- 
governor  James  Hamilton,  of  Pennsylvania,  was  printed  by 
Benjamin  Franklin.  An  original  copy  may  be  seen  in  the 
library  of  the  Pennsylvania  Historical  Society  in  Philadel- 
phia.    It  reads  as  follows. 

By  the  Honourable  James  Hamilton,  lv<(i.,  Lieutenant-Ciovemor  and 
Commander-in-Chief  of  the  Province  of  Pennnylvania  and  Counties  of 
New  C'astle,  Kent,  and  Sussex,  on  Delaware. 

A  PROCLAMATION. 
WiiERKAs,  By  an  act  of  Parliament  i>assed  in  the  twenty-third  year  of 
His  Majesty's  reign,  entituled  "  An  act  to  encourage  the  importation  of  pig 
and  bar  iron  from  Ilis  Majesty's  colonies  in  America,  and  to  prevent  the 
erection  of  any  mill,  or  other  engine,  for  slitting  or  rolling  of  iron,  or  any 
plating-forge  to  work  with  a  tilt-hammer,  or  any  furnace  for  making  steel 
in  any  of  the  said  colonies,"  it  is  enacted — "  That  from  and  after  the  twen- 
ty-fourth day  of  June,  in  the  year  of  our  Ix>rd  one  thousand  seven  hundred 
and  lifty,  every  governor,  lieutenant-governor,  and  commander-in-chief  of 
any  of  His  Maj^/aty's  colonies  in  America  shall  fortliwith  transmit  to  the 
commissioners  for  trade  and  plantations  a  certificate,  under  his  hand  and 
seal  of  office,  continuing  a  particular  account  of  every  mill  or  engine  for 
slitting  and  rolling  of  in>n,  and  every  plating-forge  to  work  with  a  tilt-ham- 
mer, and  every  furmice  for  making  steel,  at  the  time  of  the  commenctunent 
of  this  act,  erected  in  liis  colony ;  exi)ressing,  also,  in  the  said  certificaU*, 
Hucli  of  them  as  are  used,  and  the  name  or  names  of  the  proprietor  or  pnv 
prietors  of  each  such  mill,  engine,  forge,  and  fiimace,  and  the  place  where 
each  ^ch  mill,  engine,  forge,  and  furnace  is  erected,  and  the  number  of 
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engines,  forges,  and  furnaces  in  the  said  colony."  To  the  end  therefore  that 
I  may  be  the  better  enabled  to  obey  the  directions  of  the  said  act,  I  have 
thought  fit,  with  the  advice  of  the  council,  to  ipsue  this  proclamation,  here- 
by enjoining  and  requiring  the  proprietor  or  proprietors,  or  in  case  of  their 
absence,  the  occupiers  of  any  of  the  above-mentioned  mills,  engines,  forges, 
and  furnaces,  erected  within  this  province,  to  appear  before  me,  at  the  city 
of  Philadelphia,  on  or  before  the  twenty-first  day  of  September  next,  with 
proper  and  ample  testimonials  of  the  rights  of  such  proprietor,  proprietors, 
and  occupiers  therein,  and  suflScient  proofs  whether  the  said  mills,  engines, 
forges,  and  furnaces  resjxjctively  were  used  on  the  said  twenty-fourth  day 
of  June  or  not :  And  I  do  fiirther  hereby  require  and  command  the  sheriflf 
of  every  county  in  this  province  res^^ectively,  on  or  before  the  said  twenty- 
first  day  of  September,  to  appear  Ijefore  me,  at  the  city  of  Philadelphia 
aforesaid,  and  then  and  there  by  writings,  under  their  hands  and  seals,  to 
certify  and  make  known  to  me  every  mill  or  engine  for  slitting  and  rolling 
of  iron,  every  plating-forge  to  work  with  a  tilt-hammer,  and  every  furnace 
for  making  steel,  which  were  erected  within  their  several  and  respective 
counties  on  the  said  twenty-fourth  day  of  June,  and  the  place  and  places 
where  the  same  were  erected,  with  the  names  of  tlieir  reputed  proprietor 
or  proprietors,  and  the  occupiers  of  them,  and  every  of  them ;  and  whether 
they  or  any  of  them  were  used  on  the  said  twenty-fourth  day  of  June  or 
not,  as  they  and  each  of  them  will  answer  the  contrary  at  their  peril. 

Given  under  my  hand  and  the  great  seal  of  the  province  of  Pennsyl- 
vania, at  Philadelphia,  this  sixteenth  day  of  August,  in  the  twenty-fourth 
year  of  the  reign  of  our  Sovereign  Lord,  George  the  Second,  King  of  Great 
Britain,  France,  and  Ireland,  etc.,  and  in  the  year  of  our  Lord  1750. 

Bv  His  Honour's  command.  James  Hamilton. 

Richard  Peters,  Sen-etaiy. 

God  Save  the  Kinc*. 


PHILADELPHIA:    Printed  by  B.  Franklin,  Printer  to  the  Province,  MDCCL. 

As  may  easily  be  imagined  the  passage  of  tliis  act  arous- 
ed anew  the  feeling  of  discontent  in  the  colonies  which  had 
been  created  and  kept  alive  by  many  repressive  measures  of 
the  mother  country  directed  against  our  colonial  manufact- 
ures. These  measures  of  repression  formed  a  large  part  of 
that  "  long  train  of  abuses  and  usurpations  "  which  led  to  the 
war  of  independence. 

From  the  passage  of  the  act  of  1750  down  to  the  Revo- 
lution our  iron  industry  was  mainly  confined  to  the  produc- 
tion of  pig  iron  and  bar  iron  and  castings  from  the  blast  fur- 
nace. The  effect  of  this  act  w^as  to  repress  the  development 
of  our  steel  industry  and  of  the  finished  branches  of  our 
iron  industry.  During  this  period  we  made  pig  iron  and  bar 
iron  in  suflBcient  quantities  for  our  ow^n  use  and  the  surplus 
was  sent  to  the  mother  country. 
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But  the  colonies  suffered  also  from  the  general  restrictive 
policy  of  Great  Britain  affecting  the  manufactures  of  all  for- 
eign countries,  particularly  from  its  numerous  acts  of  Parlia- 
ment prohibiting  the  exportation  of  skilled  artisans  and  im- 
proved machinery.     Adam  Smith  gives  us  these  facts. 

By  the  7th  and  »th  of  U'illiaat  111.  [tSiXi  and  1U97],  chapter  20,  ew-tiun 
8,  the  exportation  of  frames  or  eoginea  for  knitting  t^loves  or  etodcii^  is 
prohibited  und(?r  the  penalty  Dot  only  of  the  forfeiture  of  such  fhunee  ur 
engines  no  exported,  or  attempted  to  be  exj)Orted,  but  of  forty  pounds — 
one-half  to  the  king,  the  other  to  the  [lereon  who  shall  inform  or  eiK  for 
the  same. 

By  the  6th  George  I.  [1718],  ohapter  "i7,  the  jicrBoti  who  Hhall  be  «)n- 
victed  of  enticing  any  artifieer  i>t  or  in  any  of  the  manuJactuies  o^  GnaX 
Britain,  to  go  into  any  foreign  parte  in  order  to  practice  or  teach  hie  trade, 
is  liable,  for  the  first  ofleuee,  to  be  fined  in  any  auni  not  exceeding  one  hun- 
dred pounds,  and  to  three  monthe'  iuiprieonuient,'iind  until  the  fine  Ehall 
be  paid;  and,  for  the  eecond  offense,  to  be  fined  in  any  Bum  at  the  diecte- 
tioii  of  the  rourt,  and  to  impriaonment  for  twelve  months,  and  until  the 
fine  shall  be  paid.  By  the  23d  George  11.  [1749],  cJiaptcr  13,  this  penalty 
is  increaned,  for  the  first  ofenw,  to  five  hundred  pounds  for  every  artificer 
BO  enticed,  and  to  twelve  montlis'  imprisomuent,  and  until  the  fine  shall 
be  paid;  and,  for  the  semnd  offense,  to  one  thouaand  pounds,  and  to  two 
years'  imprisonment,  and  until  the  fine  shall  be  paid. 

By  the  former  of  these  two  statutes,  upon  proof  that  any  person  lux 
been  enticing  any  artificer,  or  that  any  artificer  has  promised  or  contracted 
to  go  into  foreign  part»  for  the  purposes  aforesaid,  such  artificer  niay  be 
obliged  to  give  security  at  the  (liscretjon  of  the  court  that  he  shall  not  go 
beyond  the  neas,  and  may  be  committed  to  tirison  until  he  give  such  ae- 

If  any  artificer  has  gone  beyond  the  seas,  and  is  exercising  or  teachtni; 
his  trade  in  any  foreign  irountry,  upon  warning  being  j^ven  to  him  by  any 
of  hia  m^esty's  uiinisters  or  conmlB  abroad,  or  by  one  of  his  majesty's  sec- 
retaries of  state  for  the  time  being,  if  he  does  not  within  six  montbs  after 
such  warning  return  to  this  realm,  and  from  thenceforth  abide  and  inbaliit 
continually  witbin  the  same,  he  is  from  thenceforth  declared  incapable  of 
taking  any  legacy  devised  to  him  within  this  kingdom,  or  of  being  exec- 
utor or  administrator  to  any  person,  or  of  taking  any  lands  within  llus 
kingdom  by  descent,  devise,  or  purchase.  He  likewise  forfeits  to  the  king 
all  his  lands,  goods,  and  chattels,  is  declared  an  alien  in  every  respect,  and 
is  pnl  out  of  the  king's  protection. 

Sir  William  Blackstone,  in  tlie  chapter  on  offenses  against 
public  trade,  in  his  Commentaries  on  the  Laws  of  England,  re- 
cites some  of  the  details  above  given  by  Adam  Smith,  and 
adds  important  testimony  to  the  character  of  tlie  restrictive 
legislation  adopted  by  Great  Britain  in  1774,  during  tlie  long 
reign  of  George  the  Third.     He  says: 
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To  pmtTit  the  dettruction  of  our  Immt  vtamifaetuTfB  by  tranaporting  and  tc- 
Jwing  our  nrtitU  to  Httlt  abroad,  it  is  provided,  by  statute  5  Ueoi^  I.,  c.  27, 
that  Eucb  Bt>  an  entk-e  or  seduw  tliem  ehull  Ite  fined  £100  and  be  iiupriBon- 
e'l  thive  months  i  and  for  the  eer^nd  offeiuw  ahitU  be  fined  at  cliRcrution, 
and  be  im prisoned  &  year;  and  the  artiQivire  so  going  inta  foreipi  ranntries, 
and  not  returnin};  witliin  six  nionths  after  wnrning  given  them  by  the  Brit- 
iah  umbassaiJor  where  thcv  reHide,  shall  be  deemed  aliens,  and  forfeit  all 
their  land  and  goods,  an  1  shall  be  ira-apable  of  any  legacy  or  gift  By  slat- 
lite  33  S««rge  11,,  c.  13  the  sedui-ers  intur  for  the  first  offense,  a  forfeiture 
of  £oO0  for  eat'h  artificir  (ontrarted  with  lo  Ih.  sent  abroad,  and  imprison- 
ment for  tweive  months  and  for  the  swrnnd  £1000,  and  are  liable  to  two 
yi»rs'  impriHonntcnt ;  and  by  the  aome  statute  rannected  with  14  George 
III.,  c.  71,  if  any  person  exports  anj  louli<  or  utensils  used  in  the  silk,  linen, 
•.-olton,  or  woolen  manii&ctiirt.a  (excepting  wool  curds  to  North  Anierit^a), 
he  forfeits  the  same  and  £200,  and  the  laptiun  of  the  ship  (having  knowl- 
edge thereof)  £100;  and  if  any  I'aptain  of  a  kin^^s  ship,  or  officer  of  the 
Liwloms,  knowingly  suSers  such  exportatirin  he  forfeits  £100  and  his  em- 
ployment, and  is  forever  made  incapabk  of  bearing  any  publii'  offi<.« ;  and 
every  person  collecting  suih  tools  or  utensils  in  order  to  export  the  name 
shall,  on  conviction  at  Uie  Dseizes,  forfeit  such  tools  iind  also  £200. 

The  policy  whicli  is  epitomized  above  by  tlio  great  Eng- 
lish political  economist  and  the  great  English  commentator 
was  continued  throughout  the  Kevolution  and  long  after  the 
colonies  secured  their  independence.  Tiie  details  of  British 
legislation  at  this  period  are  worthy  of  preservation. 

The  following  summary  of  the  provisions  of  various  re- 
strictive acts  of  Parliament  enacted  in  1781,  1782,  1785,  and 
1795  is  derived  from  Pope's  Ijawa  of  the  Customs  and  Excise. 

(17S1.)  It  was  enacted  (21  (ieo.  III.,  r.  371  that  any  pertioD  who  peckeil 
or  put  on  board,  or  I'aused  to  lie  bnmght  to  any  place  in  order  to  be  put  on 
board  any  vessel,  with  a  view  to  exportation,  "any  machine,  engine,  tool. 
pre«8,  paper,  iitent^il,  or  implement,  or  any  port  thereof,  which  now  is  or 
hereafter  may  be  used  in  the  woolen,  cotton,  linen,  or  ailk  uianufiicture  of 
this  kingdom,  or  goods  wherein  wool,  cotton,  linen,  or  silk  are  used,  or  any 
model  or  plan  thereof,"  etc..  should  forfeit  every  Bui'h  maidiine  and  the 
goods  pockeit  therewith  and  £200,  and  suffer  imprisonment  for  twelve 
months.  The  like  penalties  attached  to  having  in  mslody  or  power,  or 
collectiug,  making,  applying  for,  or  causing  to  be  made,  any  such  machin- 
ery, and  the  forfeitures  were  (o  go  to  the  use  of  the  informer  after  the  ex- 
jtenses  of  }>rosecution  were  pdd.  The  exportation,  and  the  attempt  to  put 
on  board  for  that  purpose,  of  "any  blocks,  plates,  engines,  tools,  or  utensils 
used  in,  or  which  are  pro|>er  for  the  prepiiring  or  linisbing  of,  the  calico, 
cotton,  muslin,  or  linen  printing  manufiicttires,  or  any  part  tliereof^"  were 
the  next  year  (17H'J)  prohibited  under  )>enalty  of  £500.  The  same  act  in- 
terdicted the  transportation  of  tools  used  in  tlie  iron  and  steel  nianufuct' 
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(1785.)    The  great  iniprovemeni*  which  liaii  liccn  mado  in  KoRlaiid  i: 
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all  branches  of  the  iron  manufacture,  and  the  competition  springing  up  in 
Europe  and  America  in  the  production  of  raw  iron,  doubtless  prompted  the 
act  of  1785  (25  Geo.  III.,  c.  67)  to  prevent,  under  severe  penalties,  the  en- 
ticing of  artificers  or  workmen  in  the  iron  and  steel  manufactures  out  of 
the  kingdom,  and  the  exportation  of  any  tools  used  in  these  branches  to 
any  place  beyond  the  seas. 

(1795.)  The  act  of  Parliament  of  1785,  prohibiting  the  exportation  of 
tools  and  machinery  used  in  the  iron  and  steel  manufactures,  was  made 
perpetual  by  the  statute  35  Geo.  III.,  c.  38.  It  recapitulates  the  seteral  de- 
scriptions of  machines,  engines,  implements,  utensils,  and  models,  or  parts 
thereof,  employed  in  rolling,  slitting,  pressing,  casting,  boring,  stamping, 
piercing,  scoring,  shading,  or  chasing  and  die-sinking  iron  and  other  metals. 
It  included  machines  used  in  the  button,  glass,  pottery,  saddle  and  harness, 
and  other  manufactures,  wire  moulds  for  paper,  etc.  • 

We  copy  below  the  leading  provisions  of  the  act  of  the 
British  Parliament,  (chapter  37,)  adopted  in  1781,  the  twenty- 
first  year  of  the  reign  of  George  the  Third,  which  prohibited 
the  exportation  from  Great  Britain  of  machinery  used  in  the 
manufacture  of  cotton,  linen,  woolen,  and  silk  goods. 

An  act  to  explain  and  amend  an  act  made  in  the  fourteenth  year  of 
the  reign  of  his  present  Majesty,  intituled.  An  Act  to  prevent  the  exporta- 
tion to  foreign  parts  of  utensils  made  use  of  in  the  cotton,  linen,  woollen, 
and  silk  manufactures  of  this  kingdom,  .  .  .  That  if,  at  any  time  after  the 
twenty-fourth  day  of  June,  one  thousand  seven  hundred  and  eighty-one, 
any  i)erson  or  persons  in  Great  Britain  or  Ireland  shall  .  .  .  put  on  board 
of  any  ship  or  vessel,  which  shall  not  be  bound  directly  to  some  port  or 
place  in  Great  Britain  or  Ireland,  .  .  .  any  machine,  engine,  tool,  press, 
pai)er,  utensil,  or  implement  whatsoever,  which  now  is,  or  at  any  time  or 
times  hereafter  shall  or  may  be  used  in,  or  proi)er  for  the  preparing,  work- 
ing, j)ressinjj,  finishing,  or  completing,  of  the  woollen,  cotton,  linen,  or 
silk  manufactures  of  this  kingdom  .  .  .  ;  or  any  model  or  j)lan,  or 
models  or  plans,  of  any  such  miichine,  engine,  tool,  press,  j)aper,  utensil, 
or  implement,  or  any  part  or  parts  thereof,  .  .  .  the  person  or  persons 
sn  oflending  shall,  for  every  such  ofl'ence,  not  only  forfeit  all  such  ma- 
chines, engines,  tools,  press,  i)aper,  utensils,  or  imi)lements,  models  or 
plans,  or  parts  thereof  resj>ectively,  together  with  the  packages,  and  all 
other  gocMls  pa(!ked  therewith,  if  any  such  there  be,  but  also  the  sum  of 
two  hundred  jKnmds  of  lawful  money  of  (Jreat  Britain;  and  shall  also  suf- 
fer imi)rigonment  ...  for  the  space  of  twelve  months,  without  bail  or 
mainprize,  and  until  such  forfeiture  shall  be  i)aid. 

The  act  of  1785,  in  the  twenty-fifth  year  of  the  reign  of 
George  the  Third,  a  little  over  one  hundred  years  ago,  was 
undisguisedly  passed  to  cripple  if  possible  the  iron  industries 
of  foreign  countries.    Its  principal  provisions  were  as  follows. 

An  act  to  i)rohil)it  the  exportation  to  foreign  parts  of  tools  and  utensibj 
made  use  of  in  the  iron  and  steel  manufactures  of  this  kingdom  ;  and  to 
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prevent  the  seducing  of  artificers  or  workmen,  employed  in  those  manufact- 
ures, to  go  into  parte  beyond  the  seas. 

Whereas,  the  exportation  of  the  several  tools  and  utensils  made  use  of 
in  preparing,  working  up,  and  finishing  the  iron  and  steel  manufactures  of 
this  kingdom,  or  either  of  them,  will  enable  foreigners  to  work  up  such 
manufEU'tures,  and  thereby  greatly  diminish  the  exportation  of  the  same 
from  this  kingdom;  therefore,  for  the  pre8er\ing,  a«  much  as  possible,  to 
His  Majesty's  subjects  the  benefits  arising  from  those  great  and  valuable 
branches  of  trade  and  commerce,  l)e  it  enacted,  that  if,  at  any  time,  after 
the  first  day  of  August,  one  thousand  neven  hundred  and  eighty -five,  any 
person  or  persons  in  Great  Britain  shall,  upon  any  pretence  whatsoever,  ex- 
port, load,  or  put  on  board,  or  pack,  or  cause  or  procure  to  be  loaden,  put  on 
board,  or  packed,  in  order  to  be  loaded  or  put  on  board  of  any  ship  or  ves- 
sel which  shall  be  bound  to  some  port  or  place  in  parts  beyond  the  seas 
(except  to  Ireland),  or  shall  lade,  or  cause  or  procure  to  be  laden,  on  board 
any  boat  or  other  vessel,  or  shall  bring,  or  cause  to  l>e  brought,  to  any  quay, 
wharf,  or  other  place,  in  order  to  be  so  laden  or  put  on  board  any  such  ship 
or  vessel,  any  tool  or  utensil  hereafter  mentioned;  that  is  to  say,  hand 
stamps,  dog  head  stamps,  pulley  stamps,  stamps  of  all  sorts,  hammers  and 
anvils  for  stami^s,  screws  for  stamps,  iron  rods  for  stamps,  presses  of  all 
sorts,  in  iron,  steel,  or  other  metal,  which  are  used  for  giving  impressions 
to  metal,  or  any  parts  of  these  Kcveral  articles;  presses  of  all  sorts  called 
cutting-out  presses,  IkhIs  and  punches  to  be  used  therewith  ;  piercing  presses 
of  all  sorts,  beds  and  punches  to  be  used  therewith,  either  in  parts  or  piei-es, 
or  fitted  together ;  iron  or  steel  dies  to  be  used  in  stamps  or  presses  either 
with  or  without  impressions  on  them ;  rollers  of  cant  irony  ivTott{/fU  iro7i,  or 
steel,  for  rolling  of  nietaly  and  fni nun  for  the  mm*- ;  fiasks  or  casting  moulds, 
and  Ixjards  used  therewith  ;  lathos  of  all  sorts  for  turning,  burnishing,  jk)!- 
ishing,  either  the  whole  together,  or  separate  ])arts  thereof;  lathe  strings, 
polishing  bnishes,  scoring  or  shading  engines,  i)reweH  for  horn  buttons,  dies 
for  horn  buttons,  sheers  for  cutting  of  metal,  rolled  steel,  rolled  metal,  with 
silver  thereon,  parta  of  buttons  not  fitttnl  up  into  buttons,  or  in  an  unfinish- 
ed state ;  engines  for  chafing,  st<^x'kH  for  ca-sting  bu<*kles,  buttons,  and  rings ; 
cnM'iron  anvils  and  hannners  for  fortjuaj  miUi<  for  iron  and  copper;  roles,  slit- 
ters, beds,  pillars,  and  frames  for  sUttin<f  mills;  die-sinking  tools  of  all  sorts, 
engines  for  making  button  shanks,  laps  of  all  sorts,  drilling  engines,  tools 
for  pinching  of  glass,  engines  for  covering  of  whijw,  {K)lishing  brushes,  bars 
of  metal  covered  with  gold  or  silver,  iron  or  steel  screw  plates,  pins,  and  stockn 
for  making  screws,  or  any  other  tool  or  utensil  whatsoever,  which  now  is,  are, 
or  at  any  time  or  times  hereafter  shall  or  may  Ik;  used  in,  or  proj)er  for  the 
preparing,  working,  finishing,  or  completing  of  the  iron  or  steel  manufact- 
ures  of  this  kingdom,  or  either  of  them,  by  what  name  or  names  soever 
the  same  shall  be  called  or  known,  or  amj  uutdtl  or  plan,  or  models  or  plans, 
of  any  such  tool,  utensil,  or  imi)l(Mnent,  or  any  part  or  i)arts  thereof;  the 
person  or  |)ersons  so  offending  shall  for  every  such  offence  not  only  forfeit 
and  lose  all  such  tools  or  utensils,  or  parts  or  jwn'els  thereof,  together  with 
the  packagtis,  and  all  other  goods  packed  thei-ewith,  if  any  such  there  l)e, 
.  .  .  the  jx^rson  or  ix?rsons  so  ottending  shall,  for  every  such  offence,  for- 
feit the  sum  of  two  hundred  jMrnnds  of  lawful  money  of  (Jreat  Britain,  and 
shall  also  suffer  imprisonment,  in  the  common  gaol,  prison,  or  house  of  cor- 
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re«-tion.    ...    for  the  epsce  of  twelve  months,  withoat  bail  or  mainprize, 
and  antil  nich  forfeiture  ehall  be  paid. 

And  whereas,  jor  tht  rjicouragemmt  of  ruch  manufactories  in  this  kingdom^ 
it  is  itecesmry  that  prorision  should  be  made  to  present  artificers,  and  others  em- 
jtlf^yed  th*^eiti,  from  departing,  or  from  being  sedured  to  depart  out  of  this  king' 
*iom ;  l)e  it  therefore  enacted  bv  the  aothoritv  aforeflaid,  that  from  and  after 
the  said  ^rpt  day  of  August,  one  thousand  seven  hundred  and  eighty-five,  if 
any  person  or  persrjns  shall  contract  with,  entice,  persuade,  or  endeavor  to 
siffiuce  or  encourage  any  artificer  or  workman  concerned  or  employed,  or 
who  shall  have  worked  at,  or  l)een  employed  in,  the  iron  or  steel  manniiact- 
ures  in  this  kingdom,  or  in  making  or  preparing  any  tools  or  utensils  for 
Hiu'h  manufactor>',  to  go  out  of  Great  Britain  to  any  parts  beyond  the  neas 
;ex(*ept  to  Ireland),  and  shall  be  convicted  thereof  .  .  .  shall,  for  ever>' 
artificer  so  contracted  with,  enticed,  persuaded,  encouraged,  or  seduced,  or 
attemptecl  eo  to  be.  forfeit  and  pay  the  sum  of  five  hundred  pounds  of  law- 
ful money  of  Great  Britain,  and  shall  be  committed  to  the  common  gaol, 
.  .  .  there  to  remain  without  liail  or  mainprize  for  the  space  of  twelve 
calendar  monthe,  and  until  such  forfeiture  nhall  be  paid ;  and  in  case  of  a 
Hubsequent  ofience  of  the  same  kind  the  person  or  persons  so  again  ofiend- 
ing  shall,  u{>on  the  like  conviction,  forfeit  and  pay,  for  every  person  so  con- 
tracted with,  enticed,  persuaded,  encouraged,  or  seduced,  or  attempted  so  to 
l>e,  the  sum  of  one  thousand  pounds,  .  .  .  and  shall  be  committed  to  the 
cvjmmon  gaol  as  aforesaid,  there  to  remain,  without  l)ail  or  mainprize,  for 
and  during  the  term  of  two  years,  and  until  such  forfeitures  shall  be  paid. 

In  1786  some  trifling  changes  were  made  in  the  list  of  ar- 
ticles the  exportation  of  which  was  prohibited,  but  the  prin- 
cipal tools  used  in  the  manufacture  of  iron  and  steel  were 
carefully  preserved  in  this  list.  At  the  same  time  tools  for 
making  paper,  for  making  and  working  glass,  and  for  mak- 
ing pottery  and  harness  were  added  to  the  list  In  1795,  as 
already  stated,  the  act  of  1785  was  made  perpetual.  In  1799 
an  act  was  passed  providing  that,  "  Whereas,  there  have  of 
late  been  many  attempts  to  seduce  colliers  out  of  Scotland 
into  foreign  countries,  be  it  therefore  further  enacted  that  all 
I)ersons  seducing,  or  attempting  to  seduce,  colliers  .  .  .  from 
the  kingdom  of  Great  Britain  shall  be  punished  in  the  same 
manner  as  persons  seducing,  or  attempting  to  seduce,  manu- 
facturers or  other  artisans  are  punishable  by  law."  This  last 
act  would  have  a  tendency  to  prevent  the  mining  of  coal  in 
the  United  States,  which  had  scarcely  been  commenced  at  the 
time  of  its  passage. 

The  prohibition  of  the  exportation  of  machinery  for  the 
manufacture  of  iron  and  steel  and  of  other  machinery  contin- 
ued until  long  after  the  beginning  of  the  present  century. 
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In  1825  and  again  in  1833  the  exportation  of  machinery 
for  the  manufacture  of  cotton,  woolen,  linen,  and  silk  goods 
was  again  prohibited.  It  was  not  permitted  to  be  exported 
until  1845.  In  the  London  Tirms  for  October  30,  1811,  will 
be  found  a  detailed  account  of  the  arrest  of  Hugh  Wagstaff 
for  placing  on  board  the  American  ship  Mount  Vernon, 
bound  to  New  York,  twenty-three  boxes  containing  spindles 
used  in  the  spinning  of  cotton.  WagstaflF  was  committed  to 
Lancaster  Castle  for  trial  under  the  act  of  21  Geo.  III.,  chap- 
ter 37,  and  the  boxes  were  seized.  The  Hon.  John  L.  Hayes, 
of  Boston,  the  highest  authority  in  the  United  States  upon 
the  literature  of  our  textile  industries,  informs  us  that  "the 
patriotic  Tench  Coxe,  the  able  coadjutor  of  Alexander  Ham- 
ilton in  the  Treasury,  entered  into  a  bond  with  a  person  in 
London  who  engaged  to  send  him  complete  models  of  Ark- 
wright's  patents.  The  models  were  completed  and  packed, 
but  were  detected  and  forfeited."  In  1832  the  model  of  a  roll- 
er for  calico  printing,  to  be  used  at  Lowell,  in  Massachusetts, 
could  be  obtained  from  England  only  by  concealing  it  in  the 
trunk  of  a  lady  who  was  returning  to  this  country.  From 
a  letter  in  the  possession  of  Dr.  Hayes  it  appears  that  when, 
in  1839,  Messrs.  Sharp  &  Roberts,  of  Manchester,  England, 
desired  to  introduce  their  self-acting  mule  into  this  country, 
after  obtaining  a  patent  for  it  here,  their  American  part- 
ner, Mr.  Bradford  Durfee,  of  Fall  River,  was  compelled  to 
smuggle  through  France  the  patterns  for  the  castings.  The 
statutes  interfering  with  the  emigration  of  artificers  were 
not  wholly  repealed  until  1825. 

During  the  long  period  in  the  history  of  the  mother 
country  in  which  she  endeavored  by  the  legislation  above  re- 
cited to  repress  the  development  of  our  manufacturing  indus- 
tries she  vigorously  protected  her  own  industries  by  customs 
duties  from  foreign  competition.  The  protection  which  she 
gave  to  her  iron  industry  after  Cort  had  perfected  for  her 
the  puddling  furnace  and  the  rolling  mill,  and  the  owners  of 
her  blast  furnaces  had  generally  introduced  steam-power  and 
the  use  of  mineral  fuel,  is  especially  noticeable.  Prior  to 
this  time  Great  Britain  had  not  made  enough  iron  to  supply 
her  own  wants ;  now  she  could  do  this.  We  quote  as  follows 
from  Scrivenor's  History  of  the  Iron  Trade. 
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From  1782  till  1795  the  daty  on  foreign  bars  was  £2  16e.  2d.  per  ton. 
It  roee  to  £3  48.  7d.  in  1797;  from  1798  to  1802  it  was  £3  158.  5d.;  in  two 
years  it  had  got  to  £4  178.  Id. ;  from  1806  to  1808  it  stood  at  £5  78.  5}d. ;  in 
the  three  years  between  1809  and  1812  it  was  £5  9s.  lOd.;  and  in  the  five 
years  ending  with  1818  it  had  been  £6  98.  lOd.  At  this  date  a  distinction 
was  made  in  the  interest  of  British  shipping ;  for  whilst  thenceforward,  till 
the  close  of  1825,  the  duty  on  foreign  bars  was  £0  10s.  if  imported  in  Brit- 
ish ships,  it  was  £7  18s.  6d.  if  imported  in  foreign.  Nor  was  this  all ;  iron 
slit,  or  hammered  into  rods,  and  iron  drawn  down,  or  hammered,  less  than 
three-qoarters  of  an  inch  square,  was  made  to  pay  a  duty  at  the  rate  of  £20 
per  ton;  wrought  iron,  not  otherwise  enumerated,  was  taxed  with  a  pay- 
ment of  £50  for  every  £100  worth  imix)rted  ;  and  steel,  or  manu&ctures  of 
steel,  were  similarly  loaded  with  a  fifty  per  cent.  duty. 

It  does  not  fall  within  the  scope  of  this  work  to  discuss 
the  revenue  policy  of  the  British  Government  at  any  period 
of  the  history  of  our  own  country  further  than  to  show  its 
effects  in  retarding  the  development  of  our  iron  and  steel 
industries.  This  has  been  done.  As  germane,  however,  to 
what  has  already  been  presented  the  following  additional 
testimony  concerning  the  hostile  policy  of  the  British  Gov- 
ernment and  people  toward  American  manufacturing  indus- 
tries in  the  present  century  is  of  historical  value. 

In  1816  Lord  Brougham,  in  a  speech  in  Parliament  ad- 
vocating the  increased  exportation  of  British  goods  to  the 
United  States,  declared  that  "  it  was  well  worth  while  to  incur 
a  loss  upon  the  first  exportation,  in  order  by  the  glut  to  stifle 
in  the  cradle  those  rising  manufactures  in  the  United  States 
which  the  war  has  forced  into  existence  contrary  to  the  nat- 
ural course  of  things."  Mr.  Robertson,  a  member  of  Parlia- 
ment, said  in  a  memorable  speech  quoted  by  Henry  Clay  in 
1832:  '*It  was  idle  for  us  to  endeavor  to  persuade  other  na- 
tions to  join  with  us  in  adopting  the  principles  of  what  was 
culled  free  trade.  Other  nations  knew,  as  well  as  the  noble 
lord  opposite  and  those  who  acted  with  him,  what  we  meant 
by  free  trade  was  nothing  more  nor  less  than,  by  means  of 
the  great  advantages  we  enjoyed,  to  get  a  monopoly  of  all 
their  markets  for  our  manufactures,  and  to  prevent  them, 
one  and  all,  from  ever  becoming  manufacturing  nations." 
In  1843  the  London  Spectator  siiid  :  ''  More  general  considera- 
tions tend  to  show  that  the  trade  between  the  two  countries, 
most  beneficial  to  both,  must  be  what  is  commonly  called  a 
colonial  trade;  the  new-settled  country  importing  the  manu- 
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factures  of  the  old  in  exchange  for  its  own  raw  produce.  In 
all  economical  relations  the  United  States  still  stand  to  Eng- 
land in  the  relation  of  colony  to  mother  country."  Wijliam 
Huskisson,  the  pioneer  in  the  British  free  trade  movement 
and  long  a  prominent  member  of  the  British  Parliament,  de- 
clared in  a  speech  in  1825  that,  "  to  enable  capital  to  obtain 
a  fair  remuneration,  the  pi'ice  of  labor  mvst  he  kept  doion."  In 
1854  a  British  Parliamentary  commission  declared :  "  The  la- 
boring classes  generally  in  the  manufacturing  districts  of  this 
country,  and  especially  in  the  iron  and  coal  districts,  are  very 
little  aware  of  the  extent  to  which  they  are  often  indebted  for 
their  being  employed  at  all  to  the  immense  losses  which  their 
employers  voluntarily  incur  in  bad  times  in  order  to  destroy 
foreign  competition  and  to  gain  and  keep  possession  of  for- 
eign markets The  large  capitals  of  this  country  are 

the  great  instruments  of  warfare  against  the  competing  capi- 
tal of  foreign  countries." 
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CHAPTER  LVI. 

THE   AMERICAN    IRON   INDUSTRY   LONG    DEPRESSED 

BY    FOREIGN   COMPETITION. 

During  the  Revolution  and  immediately  after  its  close 
the  iron  industry  of  Great  Britain  was  greatly  stimulated  by 
the  general  substitution  of  bituminous  coal  for  charcoal,  by 
the  application  of  the  steam  engine  to  the  blowing  of  blast 
furnaces,  and  by  the  introduction  of  the  puddling  furnace 
and  of  grooved  rolls  in  refining  and  finishing  iron.  These 
improvements  greatly  increased  and  cheapened  the  products 
of  British  iron  works,  so  that,  instead  of  being  dependent  up- 
on the  United  States  for  a  supply  of  pig  iron  and  bar  iron, 
British  iron  manufacturers  were  enabled  to  send  these  and 
other  iron  products  to  the  former  colonies  of  Great  Britain 
in  successful  competition  with  their  own  manufactures.  The 
effect  of  these  changes  was  to  greatly  retard  the  extension 
of  our  iron  industry  after  the  Revolution.  The  competition 
which  produced  this  result  might  have  been  averted  if  the 
emancipated  colonies  had  followed  the  example  of  the  mother 
country  and  imposed  duties  upon  foreign  iron  and  steel  which 
would  liave  fully  protected  the  domestic  manufacture  of  these 
products.  But  they  did  not  do  this,  although  the  desire  for 
industrial  independence  was  one  of  the  leading  causes  of  the 
Revolution,  and  although  the  fact  was  fully  recognized  after 
our  political  independence  was  secured  that  domestic  manu- 
factures were  greatly  in  need  of  the  protection  against  for- 
eign competition  which  only  high  duties  could  give  to  them. 
Under  the  Articles  of  Confederation,  and  for  many  years  af- 
ter the  establishment  of  our  "  more  perfect  union,"  duties 
upon  foreign  imports  of  every  description  were  so  low  that 
they  afforded  no  adequate  protection  to  American  manufact- 
ures.  From  1789  to  1812  the  duties  on  pig  iron  and  bar 
iron  ranged  from  only  5  per  cent,  to  19^  per  cent,  of  their 
value.  In  the  same  years  the  duty  on  steel  ranged  from  50 
cents  to  $1.10  per  cwt.  These  were  but  little  else  than  reve- 
nue duties.     During  all  of  this  i)eriod  our  manufactures  of 
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iron  and  steel  did  not  flourish  ;  nor  did  any  other  American 
manufacturing  industry. 

The  following  p)etition,  presented  to  the  General  Assem- 
bly of  Pennsylvania  on  November  30,  1785,  two  years  before 
the  framing  of  the  Federal  Constitution,  shows  the  effect  at 
that  time  of  foreign  competition,  principally  from  Great 
Britain,  upon  the  manufacture  of  bar  iron  in  Pennsylvania. 
It  will  be  remembered  that  under  the  Articles  of  Confeder- 
ation each  State  reserved  to  itself  the  control  of  all  duties 
upon  imported  foreign  commodities,  a  reservation  which  work- 
ed so  badly  in  many  ways  that  the  creation  of  our  present 
form  of  government  soon  became  a  necessity  from  this  cause 
alone.  Pennsylvania  had,  however,  been  slow  to  assert  the 
need  of  protection  for  some  of  her  infant  manufactures,  as 
the  disastrous  fate  of  the  petition  referred  to  will  testify. 

To  tfie  Honorable  the  Representatives  of  the  Freemen  of  the  Commonirmlth 
of  Pennsylvania  in  General  Assenibbj  mti. 

The  petition  of  the  Bubscribere,  manufactiirere  of  bar  iron  within  tlie 
Commonwealth  aforesaid,  respectfully  sheweth. 

That,  by  an  act  passed  during  the  last  session  of  the  late  Assembly,  ad- 
ditional duties  are  laid  on  the  importation  of  divers  manufectures  of  Euroix' 
and  other  foreign  parts,  for  the  purpose  of  protecting  and  encouraging  the 
manufactures  of  this  State,  whennn  your  petitioners  find  the  article  of  bar 
iron  has  been  omitted. 

That  the  manufacturing  of  bar  iron  within  this  State  has  not  only  been 
found  very  useful  and  important  during  the  late  war,  but  has  always  been 
considered  as  a  source  of  public  wealth  and  bi^nefit ;  as  great  sums  of  money 
were  thereby  kept  within  the  country ;  which  circulating  through  the  hands 
of  several  thousand  persons,  employed  in  the  manufacture  of  bar  iron  and 
furnishing  the  requisite  materials,  enabled  them  to  maintain  themselves 
and  their  families  and  contri))ute  to  the  8U])port  of  government  by  payment 
of  taxes ;  and  an  influx  of  specie  and  other  considerable  advantages  were 
also  derived  to  the  trade  of  this  State  by  the  exportation  of  great  quantities 
of  bar  iron  to  other  jmrts  of  the  continent. 

That,  although  most  of  the  iron  manufactured  within  this  State  is  con- 
feesc^dly  suj^erior  in  quality  to  the  iron  imported  from  foreign  parts,  yet,  be- 
cause iron  can  not  be  manufactured  at  so  low  a  price  h^re  as  in  countries 
where  the  laborers  are  but  little  removed  above  the  condition  of  slaves,  the 
sale  of  divers  large  quantities  of  foreign  iron  lately  imported  into  this  State, 
notwithstanding  its  inferior  quality,  operates  so  much  to  the  prejudice  of  all 
persons  concerned  in  the  maimfacture  of  bar  iron  here  that  there  is  great 
reason  to  apprehend,  unless  the  legislature  sliall  extend  their  aid,  further 
importations  of  foreign  iron  will  in  a  short  time  occasion  a  total  stoppage 
and  destruction  of  that  very  useful  and  beneficial  manufacture  amongst  us. 

Your  petitioners  trust  that,  on  full  consideration  of  the  premises,  the 
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manufacture  of  bar  iron  within  this  State  will  appear  to  your  Honorable 
House  essentially  entitled  to  pul)lic  protection  and  encouragement,  and 
therefore  pray  your  Honorable  House  may  be  pleased  to  grant  relief  in  the 
premises  by  laying  such  additional  duties  on  foreign  bar  iron  as  will  pre- 
vent further  importations  thereof  becoming  destructive  or  oppressive  to  the 
manufacture  of  bar  iron  within  this  State.  And  your  petitioners  as  in  duty 
bound  shall  ever  pray,  &c. 

Jacob  Morgan',  Jr.        John  Patton.  James  Old.  » 

David  Potts.  Gboroe  Ege.  Jno.  Edwards. 

Jambs  Hartley.  Jacob  Winey.  William  Bird. 

Andw.  Pettitt.  Valentine  Eckert.  Jacx)b  Lebhet. 

Jesse  Grunfield.  Peter  Grubb,  Jr.  Miciil.  Ege. 

Tnos.  Humphreys.         (Xjrtis  Grubb.  Jn.  Hellings. 

Tnos.  Rltter.  Peter  Grubb,  Sr.  Abrm.  Sharples. 

Thos.  Mayburry.  Robt.  Coleman.  Hilary  Baker. 

Saml.  Potts.  Matthias  Hough.  C.  Douglass. 

J.  Hockley.  William  Olde.  Richd.  Backhouse. 

Wm.  Hayes.  David  Jenkins 

This  petition  was  referred  on  the  day  of  its  presentation 
to  a  committee  composed  of  Mr.  Fitzimmons,  Mr.  Clymer, 
and  Mr.  Whitehill,  who  submitted  an  adverse  report  on  the 
7th  of  December,  as  follows  :  "  That  with  respect  to  bar  iron 
it  appears  that  a  sufficient  quantity  may  be  made  in  the 
State,  not  only  for  its  particular  use,  but  a  large  overplus  for 
exportation,  but  that,  by  the  large  importations  lately  made, 
the  price  is  so  much  reduced  as  to  disable  the  owners  of  forg- 
es to  go  on  with  their  business.  Your  committee,  however, 
viewing  bar  iron  as  necessary  to  the  agriculture  and  manu- 
factures of  the  State,  are  doubtful  of  the  propriety  of  impos- 
ing a  tax  upon  the  importation  thereof  at  this  time."  The 
committee,  however,  recommended  the  imposition  of  an  ad- 
ditional duty  of  one  penny  per  pound  on  all  nails  or  spikes 
imported  into  the  State.  The  report  of  the  committee  wa.s 
adopted. 

Further  evidence  of  the  injurious  effects  of  foreign  com- 
petition upon  our  domestic  iron  industry  inmiediately  after 
the  peace  is  fijrnished  in  the  following  extract  from  the  ac- 
count of  Dr.  John  D.  Schoepf's  travels  in  the  United  States, 
published  at  Erlangen  in  1788. 

America  is  richly  supplied  with  iron,  especially  in  the  mountainous  dip- 
tricts,  and  the  ore  is  moreover  easily  obtiiined ;  nevertheless,  and  in  spite  of 
the  abundance  of  wood,  at  present  European  iron  can  be  brought  to  Amerii^ 
cheai)er  than  the  founders  and  forgers  of  that  pla(Xj  are  able  to  produce  it,  by 
reason  of  the  high  wages  of  the  workmen.    The  owners  of  the  iron  works 
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in  the  different  provinces,  particularly  in  Pennsjivania  and  Jersey,  tried  in 
vain  to  induce  their  governments  to  i)rohibit  the  importation  of  foreign  iron, 
or  to  clog  it  with  high  duties.  As  this  proposition  conflicted  directly  with  the 
interests  of  the  members  of  the  assembly,  as  well  as  with  those  of  their  fel- 
low countrjTuen,  it  certainly  could  not  be  expected  that  they  should  decide  to 
pay  dearer  for  their  native  iron  and  iron  implements,  when  foreigners  could 
supply  them  cheaper.  Formerly  the  Americans  were  able  to  send  their  pig 
and  bar  iron  to  England  with  advantage,  for  they  were  relieved  of  the  heavj' 
tax  which  Russian  and  Swedish  iron  paid  there.  This  was  the  case. princi- 
pally from  the  middle  colonies,  and  in  the  years  1768-70  the  exports  to  Eng- 
land amounted  to  about  2,592  tons  of  bar  iron  and  4,624  tons  of  pig  iron, 
with  which  they  paid  for  a  part  at  least  of  their  return  cai^goes  in  England. 
In  return  they  took  back  axes,  hoes,  shovels,  nails,  and  other  manufactured 
iron  implements,  for,  although  some  of  these  articles  were  occasionally  man- 
ufactured in  America  just  as  good  as  in  Europe,  yet  it  could  not  be  done 
under  at  least  three  times  the  cost.  Therefore,  up  to  this  time,  the  man- 
ufacture of  cast  iron  alone  has  been  found  to  be  particularly  advantageous. 

It  was  not  until  our  second  war  with  Great  Britain  that 
duties  were  so  increased  as  to  be  really  protective  of  domes- 
tic industries  against  foreign  competition.  But  these  duties 
were  subsequently  reduced,  and  again  all  our  industries  lan- 
guished. The  tariffs  of  1824  and  1828  again  revived  them, 
but  subsequent  tariff  legislation  was  for  many  years  so  fitful 
and  in  the  main  so  unfriendly  that  no  American  industry 
can  truthfully  be  said  to  have  been  placed  upon  a  substan- 
tial basis  of  prosperity  until  after  the  adoption  of  the  Morrill 
tariff  at  the  beginning  of  the  civil  war,  m  1861.  The  pro- 
tective policy  which  was  then  reaflSrmed  has  since  continued 
in  force  without  material  modification,  and  the  marvelous 
progress  of  the  country  m  the  years  that  have  since  elapsed 
is  mainly  the  result  of  its  beneficent  operations. 

The  Morrill  tariff  act,  as  might  be  erroneously  mferred 
from  its  date,  was  not  a  war  measure,  but  a  measure  render- 
ed absolutely  necessary  by  the  depressed  condition  of  our 
manufacturing  industries  and  by  the  low  condition  of  the 
national  finances  before  the  war-cloud  arose.  The  bill  was 
reported  to  the  House  of  Representatives  on  March  12, 1860, 
by  Mr.  Morrill,  of  Vermont,  from  the  Committee  on  Ways 
and  Means,  and  it  passed  that  body  on  May  10th.  It  passed 
the  Senate  on  February  20, 1861,  and  was  approved  by  Pres- 
ident Buchanan  on  March  2d,  taking  effect  on  April  1,  1861. 
Our  present  tariff,  known  as  the  McKinley  bill,  became  a  law 
on  October  1, 1890,  and  it  took  effect  on  October  6, 1890. 
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CHAPTER  LVII. 

IMPEDIMENTS  TO  THE  CHEAP  PRODUCTION  OF  IRON 
AND  STEEL  IN  THE  UNITED  STATES. 

The  iron  and  steel  industries  of  the  United  States  are 
subject  to  permanent  disadvantages  from  which  the  same 
industries  of  other  countries  are  in  a  great  measure  relieved. 
It  is  true  that  it  can  not  now  be  said,  as  was  once  said,  that 
they  lack  the  skill,  or  the  capital,  or  the  extensive  and  com- 
plete establishments  of  other  countries.  With  the  exception 
of  our  tinplate  industry  they  are  no  longer  infant  industries 
in  any  sense.  Nor  can  it  be  said  that  the  natural  resources 
of  our  country  for  the  manufacture  of  iron  and  steel  are  not 
abundant  and  varied.  But  our  iron  and  steel  industries  are  at 
a  disadvantage  in  two  important  particulars  when  compared 
with  those  of  other  countries.  The  wages  of  labor  are  much 
higher  in  this  country  than  in  any  other  ironmaking  country 
in  the  world,  while  the  raw  materials  of  production,  rich  and 
abundant  as  they  are,  are  in  the  main  so  remote  from  each 
other  that  a  heavy  cost  for  their  transportation  is  incurred 
to  which  no  other  ironmaking  country  is  subjected. 

With  reference  to  wages  a  single  illustration  will  show 
the  disparity  which  exists  in  the  iron  and  steel  industries  of 
this  country  and  Europe.  At  Pittsburgh  the  price  of  pud- 
dling, or  boiling,  iron  was  fixed  for  one  year  on  the  30th  of 
May,  1881,  in  an  agreement  between  the  employers  and  their 
workmen,  at  a  minimum  of  $5.50  per  ton,  the  price  to  be 
advanced  if  the  price  of  bar  iron  should  go  above  2^  cents 
per  pound.  Of  the  $5.50  the  puddler^s  helper  received  about 
one-third.  These  rates  of  wages  still  continue,  with  the  excep- 
tion that  tlie  base  price  of  bar  iron  is  now  2  cents.  At  Phil- 
adelphia, in  an  agreement  between  tlie  employers  and  their 
workmen  on  the  24th  of  July,  1880,  the  price  of  puddling 
was  fixed  for  an  indefinite  period,  which  still  continues,  at 
$4  per  ton  when  bar  iron  should  bring  2  cents  per  pound,  of 
which  sum  the  lielper  receives  about  one-third.  When  the 
price  of  bar  iron  is  2^  cents  per  pound  the  price  of  pud- 
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dling  is  to  be  $4.50  per  ton,  the  helper  to  receive  about  one- 
third.  If  the  price  of  bar  iron  advances  beyond  2^  cents 
per  pound  the  price  of  puddling  is  to  be  still  further  ad- 
vanced. The  Pittsburgh  schedule  of  wages  for  puddling 
prevails  in  the  western  parts  of  the  United  States,  and  the 
Philadelphia  schedule  is  fairly  representative  of  the  wages 
paid  in  eastern  rolling  mills. 

Now  let  these  rates  of  wages  be  compared  with  the  corre- 
sponding rates  which  prevail  in  England,  in  which  country 
the  wages  of  iron  and  steel  workers  are  usually  higher  than 
in  any  other  part  of  Europe.  The  North  of  England  is  the 
principal  seat  of  the  iron  industry  of  that  country.  A  board 
of  arbitration  and  conciliation  for  the  manufactured  iron 
trade  of  the  North  of  England  adjusts  the  wages  of  all  roll- 
ing-mill workmen  in  the  district  every  three  months  upon 
the  basis  6f  the  average  net  selling  price  of  rolled  iron  dur- 
ing the  three  months  preceding  the  month  in  which  the 
board  meets.  The  average  net  selling  price  of  rolled  iron 
for  the  three  months  which  ended  on  the  30th  of  June, 
1881,  (a  period  of  prosperity  and  good  prices,)  was  £6  2s.  2d., 
and  the  wages  of  puddlers  for  the  three  months  beginning 
on  the  1st  of  August  was  officially  declared  to  be  7s.  per 
ton,  or  about  §1.75,  of  which  sum  the  puddler's  helper,  in 
accordance  with  the  general  custom,  received  about  one-third. 
The  official  announcement  of  the  adjustment  Of  wages,  dated 
July  29th,  is  as  follows :  "  In  accordance  with  the  sliding- 
scale  arrangement  and  the  resolution  of  the  employers' 
meetmg  of  February  24th  the  above-named  figure  of  £6  2s. 
2d.  gives  7s.  per  ton  as  the  rate  for  puddling  over  the  three 
months  commencing  on  the  1st  of  August,  and  a  reduction 
of  other  forge  and  mill  wages  of  2^  per  cent,  upon  last  quar- 
ter." The  same  system  of  adjusting  wages  prevails  in  the 
North  of  England  to-day,  and  wages  are  no  higher  now  than 
in  1881.  The  difference  in  puddlers'  wages  in  the  North  of 
England  and  in  this  country  in  the  same  periods  of  time 
is  thus  seen  to  be  very  great. 

With  regard  to  the  cost  of  transporting  raw  materials  in 
this  country  and  in  Europe  the  testimony  of  a  distinguish- 
ed English  ironmaster  will  be  sufficient  to  show  the  great 
disparity   which   exists   in   the   distances   over   which   they 
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must  be  transported.  Sir  Lowthian  Bell,  a  commiesioner 
from  Great  Britain  to  the  Philadelphia  Exhibition  of  1876, 

saye  in  his  official  report :  "  The  vast  extent  of  the  territory 
of  the  United  States  renders  that  possible  which  in  Great 
Britain  is  physically  impossible ;  thus  it  may  and  it  doM 
happen  that  in  the  former  distances  of  nearly  1,000  milea 
may  intervene  between  the  ore  and  the  coal,  whereas  with 
ourselves  it  is  difficult  to  find  a  situation  in  which  the  two 
are  separated  by  even  100  miles."  From  the  iron-ore  mines 
of  Michigan  and  Minnesota  to  the  coal  of  Pennsylvania  is 
1,000  miles.  ComiellaviUe  coke  is  taken  600  miles  to  the 
blast  furnaces  of  Chicago  and  750  miles  to  the  blast  furnaces 
of  St.  Louis.  The  average  distance  over  which  all  the  do- 
mestic iron  ore  which  is  consumed  in  the  blast  furnaces  of 
the  United  States  is  transported  is  not  less  than  400  miles, 
and  the  average  distance  over  which  the  fuel  wbi^h  ia  used 
to  smelt  it  is  transported  is  not  leas  than  200  miles.  Great 
Britain  is  our  principal  competitor  in  the  production  of 
iron  and  steel.  In  France,  Germany,  Belgium,  Sweden,  and 
other  European  ironmaking  countries  the  raw  materials  of 
production  may  not  be  found  in  such  close  proximity  as  in 
Great  Britain,  but  they  lie  much  nearer  to  each  other  than 
ia  usual  in  the  United  States.  Even  when  it  is  necessary 
to  transport  raw  materials  from  one  European  country  to 
another,  as  in  taking  the  iron  ores  of  Spain  to  England  of 
Germany^  tlie  cost  of  removal  is  usually  an  unimportant 
consideration  because  of  the  short  distances  they  are  carried 
and  the  facilities  which  in  most  cases  exist  for  carrying 
them  by  water. 

But  it  is  not  only  on  the  raw  materials  that  the  cost  of 
transportation  operates  as  an  ihipodiment  to  European  prices 
for  iron  and  steel  products  in  this  country.  The  manufact- 
ured  products  themselves  must  frequently  bo  transported 
long  distances  to  find  consumers.  The  conditions  favorable 
to  the  production  of  iron  and  steel  are  not  equal  in  many 
sections  of  the  Union,  and  in  some  sections  do  not  exist  at 
all ;  iron  and  steel  can  not,  therefore,  be  extensively  or  prof- 
itably manufactured  in  all  sections.  The  country,  too,  ia  of 
vast  extent,  while  its  railroad  and  other  enterprises  which 
consume  iron  and  steel  are  found  in  every  part  of  it.    It  is 
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noticeable,  also,  that  railroads  form  the  principal  means  of 
communication  between  the  producers  and  consumers  of  iron 
and  steel  in  this  couutry,  and  that  raihoad  transportation  is 
more  expensive  than  transportation  by  natural  water  routes. 
Heavy  products  of  iron  and  steel,  for  instance,  can  be  car- 
ried much  more  cheaply  from  Liverpool  to  the  gulf  ports  of 
the  United  States  than  from  our  own  rolling  mills  and  blast 
furnaces  wliich  are  not  situated  on  the  sea-coast  or  on  the 
Mississippi  river,  and  very  few  of  them  are  so  situated. 
Steel  rails  for  railroads  on  the  Pacific  coast  can  be  trans- 
ported more  cheaply  from  Liverpool  to  San  Francisco  than 
from  Pittsburgh  or  Chicago.  Even  to  ports  on  the  Atlantic 
coast  it  can  trutbfijlly  be  said  that,  taking  them  as  a  whole, 
British  iron  and  steel  products  can  be  carried  more  cheaply 
thau  from  our  own  iron  and  steel  works  which  are  located 
only  a  short  distance  in  the  interior.  No  freight  is  better 
adapted  to  the  ballasting  of  ships  which  come  to  this  country 
for  grain  and  cotton  than  heavy  products  of  iron  and  steel, 
and  tlieae  products  are  therefore  usually  carried  at  very  low 
rates.  Ocean  freight  charges  afford  no  protection  to  our  iron 
and  steel  manufacturers. 

So  much  are  high  wages  and  the  high  cost  of  transporta- 
tion hindrances  to  the  cheap  production  of  iron  and  steel  in 
this  country  that  English  newspapers  frequently  boast  of  the 
superior  facilities  possessed  by  British  manufacturers  in  these 
respects.  The  London  Colliery  Guardian  for  January  25, 1884, 
remarks  upon  this  subject  as  follows  :  "  The  very  smallnesa  of 
Great  Britain  tells  in  its  favor  as  a  manufacturing  country. 
Raw  materials  have  to  be  carried  comparatively  limited  dis- 
tances, and  coal,  iron,  and  labor  are  collected  and  brought 
together  with  extreme  ease,  while  the  manufactured  article, 
when  ready  for  exportation,  has  to  be  carried  only  a  few 
miles  to  some  convenient  port.  All  these  elements  of  indus- 
trial success  are  more  or  less  lacking  in  the  United  States. 
Labor  is  still  comparatively  scarce  there  and  has  to  be  re- 
munerated at  higher  rates,  while  coal  and  iron  have  to  be 
hauled  great  distances  before  they  become  available  for  u.se. 
When  manufactured  goods  are  turned  out  they  have  also 
in  many  cases  to  be  carried  heavy  distances  before  they  can 
be  put  on  board  ship." 
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CHAPTER  LVIII. 

WASHINGTON  AND  LINCOLN  THE  DESCENDANTS  OF 

COLONIAL  IRONMASTERS. 

The  completeness  of  the  narrative  which  will  be  pre- 
sented in  this  chapter  requires  that  we  reproduce  a  few  facts 
which  have  already  been  stated. 

In  our  researches  into  the  history  of  the  manufacture  of 
iron  and  steel  in  the  United  States  we  have  been  impressed 
by  the  fact  that  many  of  the  men  who.  have  been  promi- 
nent in  shaping  the  destinies  of  the  country,  either  as  sol- 
diers or  statesmen,  or  whose  descendants  have  been  thus 
distinguished,  have  also  been  prominent  as  manufacturers  of 
iron  and  sometimes  also  of  steel.  Among  the  ironmasters 
and  ironworkers  in  colonial  times  we  find  the  names  of 
Mordecai  Lincoln,  the  progenitor  of  Abraham  Lincoln;  Sir 
William  Keith,  Governor  of  Pennsylvania  ;  Colonel  Alexander 
Spotswood,  Governor  of  Virginia ;  Captain  Augustine  Wash- 
ington, the  father  of  George  Washington  and  his  two  elder 
half-brothers,  Lawrence  and  Augustine  Washington ;  Colonel 
Ethan  Allen,  General  Daniel  Morgan,  and  General  Nathanael 
Greene,  6f  the  Revolutionary  army  ;  and  Stephen  Hopkins, 
George  Taylor,  George  Ross,  and  James  Smith,  signers  of 
the  Declaration.  Benjamin  Franklin  was  the  inventor  of  the 
Franklin  stove.  Since  the  Revolution  we  find  that  a  still 
larger  number  of  our  public  men  have  been  identified  with 
our  iron  and  steel  industries,  many  of  whom  have  been  mem- 
bers of  Congress  and  Governors  of  States.  Henry  Baldwin, 
one  of  the  Justices  of  the  United  States  Supreme  Court; 
John  Henry  Hopkins,  Episcopal  Bishop  of  Vermont  ;  and 
General  Arthur  St.  Clair  were  Pennsylvania  ironmasters 
early  in  the  present  century.  At  a  later  day  Thaddeus  Ste- 
vens was  a  Pennsylvania  ironmaster. 

The  close  connection  of  the  Washington  family  with  our 
colonial  iron  history  is  a  fact  of  special  interest  to  all  who 
care  anything  about  the  early  history  of  our  iron  and  steel 
industries.     Captain  Augustine  Washington  was  engaged  in 


IRON   IN  ALL   AGES.  503 

making  pig  iron  at  Accokeek  furnace,  in  Stafford  county, 
Virginia,  about  fifteen  miles  from  Fredericksburg,  when  his 
son  George  Washington  was  born.  This  furnace  had  been 
built  by  the  Principio  Company,  composed  of  English  capi- 
talists, as  early  as  1726  on  land  owned  by  Augustine  Wash- 
ington, aggregating  about  1,600  acres  and  containing  iron 
ore.  Captain  Washington  becoming  the  owner  of  one-sixth 
of  the  furnace  property  in  consideration  of  the  transfer  of 
his  land  to  the  company.  In  Maryland  the  Principio  Com- 
pany had  other  iron  enterprises.  Captain  Washington  ap- 
pears to  have  visited  England  in  1729  and  1730  in  relation 
to  the  management  of  Accoceek  furnace.  During  his  absence 
his  wife  died,  but  this  event  excites  no  sympathy  in  a  letter 
from  John  Wightwick,  one  of  the  English  stockholders  in 
the  Principio  Company,  written  at  London  on  October  2, 
1730,  and  addressed  to  John  England,  the  company's  gen- 
eral agent  in  Maryland  and  Virginia.  From  this  letter  we 
quote  literally  as  follows. 

You  remember  what  steps  we  made  with  Capt"  Washingjton  in  order 
to  his  management  at  Accokeek,  which  we  did  suppose  when  he  arrived 
there,  &  after  he  had  agreed  with  the  founder  as  to  the  quality  of  the  pig 
metall,  he  would  have  given  orders  to  his  agent  here  to  have  exchanged 
the  articles  with  us  (which  he  left  ready  executed  for  that  purpose)  and 
on  your  arrival  in  Virginia  to  see  the  stock  valued  and  to  have  the  prop- 
er securities  given  for  his  returning  it  to  us  at  the  end  of  his  term,  he 
would  have  entered  immediately  on  that  work  according  to  our  agreement 
in  the  said  articles,  but  we  have  Ltres.  from  him  of  the  10th  of  July  in 
which  he  says  that  on  his  arrival,  to  his  great  grief,  he  found  his  wife 
was  dead ;  that  he  had  been  at  the  furnace,  and  that  we  might  depend 
of  his  using  as  much  prudence  and  caution  'till  your  arrival  as  if  it  was 
for  himself,  but  says  not  one  word  whether  he  would  take  to  his  bargain 
with  us  or  not,  having  had  sufficient  time  to  consider  of  it  between  the 
2()th  May  the  time  of  his  arrival  &  the  10th  July  the  date  of  his  let- 
ter. I  think  this  is  treating  us  neither  kindly  nor  Honorably  to  leave  us 
in  so  great  a  state  of  uncertainty.  As  to  Mr.  Gee  he  says  he  is  on  this 
account  very  unwilling  to  have  anything  to  do  with  him.  As  to  Mrs 
[Messrs.]  Chetwynds  and  myself,  &  I  believe  Mr.  Russell,  we  shall  sub- 
mit to  what  you  shall  advise  us  in  case  when  you  come  to  talk  with  him 
you  find  him  inclined  to  pursue  his  bargain.  If  you  find  he  does  not  pur- 
sue his  bargain,  I  don't  doubt  but  you  will  settle  our  affairs  there  on  as 
good  a  foot  as  the  nature  thereof  will  allow,  and  I  hope  by  the  help  of 
N.  Chapman  and  your  directions  that  work  will  be  as  well  managed  as  if 
Capt°  W.  undertook  it. 

Nathaniel  Chapman  was  the  clerk  at  Accokeek  furnace. 
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Gee,  Russell,  and  the  Chetwynds  were  English  stockholders. 
We'  have  been  unable  to  discover  whether  Captain  Washing- 
ton kept  his  "  bargain "  to  manage  the  furnace  or  not,  but 
in  Colonel  William  Byrd's  Progress  to  the  Mines,  written  in 
1732,  he  mentions  "  England's  iron  mines,  called  so  from  the 
chief  manager  of  them,  tho'  the  land  belongs  to  Mr.  Wash- 
ington.'' Two  miles  distant  from  the  mines  was  the  furnace. 
Colonel  Byrd  says :  "  Mr.  Washington  raises  the  ore  and  carts 
it  thither  for  twenty  shillings  the  ton  of  iron  that  it  yields. 
Besides  Mr.  Washington  and  Mr.  England  there  are  several 
other  persons  in  England  concerned  in  these  works." 

In  1731  Captain  Augustine  Washington  married  for  his 
second  wife  Mary  Ball,  a  daughter  of  Joseph  Ball,  who  re- 
sided in  Lancaster  county,  Virginia,  forming  a  part  of  "  The 
Neck."  It  was  in  this  county  that  Mary  Ball  was  bom. 
Captain  Washington's  home  was  in  Westmoreland  county, 
and  it  was  here  that  Mary  Washington's  first  child,  Greorge 
Washington,  was  born,  as  all  the  world  knows,  on  February 
11,  1731-2,  old  style. 

When  Augustine  Washington  died  in  1743  he  owned  an 
interest  in  all  the  property  of  the  Principio  Company,  which 
he  bequeathed  to  his  son  Lawrence,  who  died  in  1752,  be- 
queathing to  his  daughter  Sarah  his  interest  "  in  the  Prin- 
cipio, Accokeek,  Kingsbury,  Laconshire,  and  North  East  iron 
works  in  Virginia  and  Maryland."  George  Washington  wiis 
one  of  the  executors  of  this  will.  Sarah  dying  soon  after- 
wards her  iron  interests  were  conveyed,  by  the  terms  of  her 
father's  will,  to  her  uncle,  Augustine  Washington.  At  the 
breaking  out  of  the  Revolution  "  a  certain  Mr.  Washington  " 
owned  a  one-twelfth  interest  in  the  possessions  of  the  Prin- 
cipio Company.  He  was  probably  a  son  of  George  Washing- 
ton's half-brother,  Augustine  Washington.  We  have  in  our 
possession  a  pig  of  iron  which  was  made  at  Principio  fur- 
nace in  1751,  when  Lawrence  Washington  was  one  of  its 
owners.  The  facts  which  we  have  presented  show  that  the 
Father  of  his  Country  was  the  son  of  a  Virginia  ironmas- 
ter, and  that  both  his  half-brothers  and  other  relatives  were 
also  ironmasters. 

Abraham  Lincoln's  paternal  ancestry  was  also  identified 
with  the  manufacture  of  iron.    It  is  not  so  generally  known 
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as  it  sliould  be  that  his  ancestors  on  his  father's  side  were 
natives  of  Massachusetts  and  were  among  its  pioneer  iron- 
masters. In  Johnson's  Cyclop(edia  there  is  preserved  a  bio- 
graphical sketch  of  Abraham  Lincoln,  WTitten  in  1859  with 
his  own  hand,  in  which  occurs  the  following  reference  to 
his  fatlier's  family. 

"  My  paternal  grandfather,  Abraham  Lincoln,  emigrated 
from  Rockbridge  county,  Virginia,  to  Kentucky  about  1781 
or  1782,  where  a  year  or  two  later  he  was  killed  by  Indi- 
ana— not  in  battle,  but  by  stealth,  when  he  was  laboring  to 
open  a  farm  in  the  forest.  His  ancestors,  who  were  Quakers, 
went  to  Virginia  from  Berks  county,  Pennsylvania.  An  effort 
to  identify  them  with  the  New  England  family  of  tlie  same 
name  ended  in  nothing  more  definite  than  a  similarity  of 
Christian  names  in  both  families,  such  as  Enoch,  Levi,  Mor- 
decai,  Solomon,  Abraham,  and  the  like."  Mr.  Lincoln  prob- 
ably meant  Rockingham  county  and  not  Rockbridge  coimty. 

Researches  which  have  been  made  since  Abraham  Lin- 
coln became  President  clearly  estjiblish  the  fact  that  the 
head  of  the  American  branch  of  his  father's  family,  Samuel 
Lincoln,  emigrated  from  Norwich,  England,  to  Massachusetts, 
whence  two  brothers,  his  grandsons,  emigrated  to  Pennsylva- 
nia, one  of  whom  was  the  President's  great-great-grandfather. 

A  communication  to  the  Hinghum  Journal  of  October  10, 
1879,  says  that  among  the  early  settlers  of  Hingham,  Mas- 
sachusetts, which  was  settled  in  1635,  were  seven  persons 
named  Lincoln  who  became  the  heads  of  families.  Four  of 
these  were  named  Thomas.  Samuel  Lincoln,  who  came  to 
Hingham  in  1637,  had  four  sons,  Samuel,  Daniel,  Mordecai, 
and  Thomas.  Mordecai  Lincoln,  born  at  Hingham  on  June 
14,  1657,  followed  the  trade  of  a.  blacksmith  at  Hull,  from 
which  he  removed  to  Scituate,  where  "  he  built  a  spacious 
house  and  was  a  large  contributor  toward  the  erection  of 
the  iron  works  at  Bound  Brook "  iu  1703.  These  Bound 
Brook  iron  works  comprised  nothing  more  ambitious  than 
a  Catalan  forge,  which  made  wrought  iron  from  the  ore. 

Mr.  George  Lincoln,  of  Hingham,  informed  us  iu  a  letter 
dated  on  October  28, 1879,  that  the  Bound  Brook  iron  works 
were  located  near  the  line  dividing  Scituate  from  Cohasset, 
at  a  place  called  Conahasset,  and  that  Mordecai  and  Daniel 
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Lincoln  were  owners  of  the  works.  Cohasset  until  1770  was 
the  easterly  precinct  of  Hingham,  and  Scituate  was  also  near 
the  Hingham  boundary  line.  Mr.  Lincoln  also  furnished  us 
with  abstracts  of  some  deeds  recorded  in  Plymouth  and  Suf- 
folk counties  proving  the  connection  of  Mordecai  and  Daniel 
Lincoln  with  the  Bound  Brook  iron  works,  which  are  styled 
"  a  forge  or  iron  works."  From  one  of  these  abstracts  we 
take  the  following  circumstantial  statement  :  "  Dec.  21, 1713. 
George  Jackson,  of  Marblehead,  sells  to  Mordecai  Lincoln,  of 
Scituate,  *  blacksmith,'  two  parcels  of  salt-meadow  land  lying 
and  being  in  Cohasset  within  the  township  of  Hingham,"  one 
of  which  is  bounded  "  east  bv  a  brook  or  river  called  Bound 
Brook,"  etc.  Other  abstracts  show  that  Mordecai  Lincoln 
was  a  prime  mover  in  the  erection  of  the  Bound  Brook  iron 
works,  and  that  it  was  from  him  that  Daniel  Lincoln  obtain- 
ed a  one-eighth  interest  in  the  works. 

Mordecai  Lincoln's  first  wife  was  Sarah  Jones,  the  daugh- 
ter of  Abraham  and  Sarah  Jones,  of  Hull.  n(heir  sons  were 
Mordecai,  Jr.,  bom  April  24, 1686 ;  Abraham,  bom  January 
13,  168&-9 ;  and  Isaac,  bom  October  24,  1691.  The  Hing- 
ham Journal  says  that  Mordecai,  Jr.,  and  his  brother  Abra- 
ham removed  from  Scituate  "  it  is  supposed "  to  Pennsylva- 
nia, for  their  names  afterwards  appear  among  a  list  of  tax- 
ables  in  Exeter  township,  Berks  county,  Pennsylvania.  But 
first  at  least  one  of  the  brothers  emigrated  to  New  Jersey. 
Nicolav  and  Hav  state  in  their  life  of  Lincoln  that  Mordecai 
Lincoln  removed  from  Massachusetts  to  Monmouth,  New  Jer- 
sey, and  thence  to  Amity  township,  Berks  county,  Pemisyl- 
vania.  He  died  there  in  1736.  His  brother  Abraham  finally 
settled  in  Springfield  township,  Chester  county,  Pennsylva- 
nia, as  earlv  as  1729.  Like  his  father  he  was  a  blacksmith. 
He  died  in  1745.  The  townships  of  Oley,  Amity,  and  Exe- 
ter, in  Berks  county,  are  contiguous,  and  in  their  early  rec- 
ords the  name  of  Lincoln  often  appears. 

Monmouth  county,  New  Jersey,  was  settled  in  part  by  a 
colony  of  Massachusetts  people,  who  erected  iron  works  at 
Tintern  Falls  in  the  to^\'nship  of  Shrewsbury  about  1670. 
It  is  probable  that  the  Lincoln  brothers  emigrated  to  thi;? 
county  because  Massachusetts  people  were  there  already  and 
because  they  were  themselves  ironworkers. 
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Mordecai  Lincoln,  who  emigrated  to  Berks  county,  Penn- 
sylvania, and  died  there  in  1736,  and  who  was  a  Quaker,  left 
three  sons,  John,  Mordecai,  and  Thomas,  and  probably,  as 
a  communication  in  the  Philadelphia  American  says,  a  post- 
humous son  named  Abraham.  A  posthumous  child  was 
provided  for  in  Mordecai  Lincoln's  will.  John  emigrated  to 
Rockingham  county,  Virginia,  about  1750.  He  had  a  son 
Abraham,  who  emigrated  to  Kentucky  and  was  killed  by 
the  Indians,  as  the  President  states.  This  Abraham  was  the 
grandfather  of  the  President,  his  father  being  Thomas  Lin- 
coln. It  will  be  remembered  that  there  were  many  Thomas 
Lincolns  at  Hingham,  and  that  the  father-in-law  of  Morde- 
cai Lincoln  of  Scituate  was  Abraham  Jones.  The  frequent 
appearance  of  the  names  Mordecai,  Abraham,  and  Thomas  at 
various  periods  in  the  history  of  the  Massachusetts  Lincolns 
and  their  descendants  will  be  noticed  by  the  reader. 

An  Abraham  Lincoln  of  Berks  county,  who  was  either 
the  posthumous  son  of  Mordecai  Lincoln  or  a  grandson, 
was  long  prominent  as  a  politician.  He  was  one  of  the 
county  commissioners  of  Berks  county  from  1773  to  1779, 
and  from  1782  to  1786  he  was  a  member  of  the  General 
Assembly  of  Pennsylvania.  A  letter  from  Reading,  published 
in  the  Philadelphia  Press,  says  that  after  his  service  in  the 
Assembly  Abraham  Lincoln  was  a  justice  of  the  peace  and 
ex-officio  one  of  the  justices  of  the  quarter  sessions.  "  His 
signature,  which  can  be  found  attached  to  various  ancient 
documents  in  the  commissioners'  office,  indicates  that  he  was 
a  man  of  affairs,  and  it  is  not  unlike  that  of  his  illustrious 
namesake  which  is  attached  to  the  proclamation  of  eman- 
cipation." He  was  a  member  of  the  State  Convention  of 
1787  which  ratified  the  Federal  Constitution  of  that  year, 
and  which  he  voted  against,  and  he  was  an  influential  mem- 
ber of  the  State  Constitutional  Convention  of  1790.  He  died 
in  1806  in  his  70th  year,  having  been  born  in  1736. 

The  connection  of  the  Lincoln  family  with  the  manufact- 
ure of  iron  does  not  entirely  end  with  Mordecai  and  Abra- 
ham who  emigrated  from  Massachusetts  to  Pennsylvania. 
About  1775  a  furnace  was  built  on  Mossy  creek,  Augusta 
county,  Virginia,  by  Henry  Miller  and  Mark  Bird,  of  Berks 
county,  Pennsylvania,  Bird  soon  selling  his  interest  to  Miller. 
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The  fdmace  was  called  Miller's  furnace.  Jefferson  mentions 
it  in  his  Notes  an  the  State  of  Virginia.  J.  Marshall  McCue, 
Esq.,  of  Fishersville,  Augusta  county,  Virginia,  writes  us  an 
interesting  letter  concerning  the  early  history  of  this  furnace. 
He  says :  "  Miller  married  Hannah,  the  oldest  of  seven  chil- 
dren of  William  Winter  and  Annie  Boone,  the  latter  a  cousin 
of  Daniel  Boone.  Nancy,  the  second,  married  George  Craw- 
ford, of  this  county,  and  Elizabeth,  the  fourth,  married  Abra- 
ham Lincoln,  the  grandfather  of  President  Lincoln.  Miller 
carried  on  the  furnace  successfully  until  some  time  in  March 
or  April,  1796,  when  he  died.  He  left  four  sons  and  four 
daughters.  The  oldest  son.  Captain  Samuel  Miller,  carried 
on  the  furnace  energetically  up  to  his  death,  which  occurred 
in  1830.  He  built  a  forge,  called  Mt.  Vernon,  on  South  river, 
near  Weyer's  Cave,  and  two  miles  from  Port  Republic,  in 
1810."  It  will  be  seen  from  this  letter  that  the  grandmother 
of  President  Lincoln  on  his  father's  side  was  Elizabeth  Win- 
ter, the  sister-in-law  of  Henry  Miller,  and  that  Captain  Sam- 
uel Miller  was  a  cousin  of  President  Lincoln's  father.  The 
Boones  were  Quaker  neighbors  of  the  Lincolns,  residing  in 
Berks  county,  Pennsylvania.  The  communication  in  the 
Philadelphia  American  from  which  we  have  already  quoted 
says  that  George  Boone  was  one  of  the  trustees  named  in 
Mordecai  Lincoln's  will  and  was  the  uncle  of  Daniel  Boone. 

A  communication  in  a  recent  issue  of  the  Philadelphia 
Ledger  says  that  there  is  an  Abraham  Lincoln  still  living  in 
Pennsylvania.  He  lives  in  Caernarvon  township,  Lancaster 
county,  about  fourteen  miles  from  Reading,  and  is  about  80 
years  old.  "  He  lives  on  a  large  and  productive  farm,  has 
a  family,  never  had  any  ambition  for  oflBce,  and  in  general 
appearance  he  is  not  unlike  President  Lincoln,  having  the 
same  large,  erect,  gaunt  form,  and  retaining  to  a  remarkable 
degree  some  of  the  general  characteristics  of  his  famous  rela- 
tive and  namesake."  Other  Lincolns  are  still  living  in  Berks 
county. 

It  may  not  be  inappropriate  to  mention,  as  an  additional 
historical  link,  that  Nancy  Hanks,  the  mother  of  President 
Lincoln,  was  also  descended  from  a  Berks  county  family 
which  emigrated  first  to  Virginia  and  afterwards  to  Ken- 
tucky. 
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CHAPTER  LIX. 

PRODUCTION   AND   PRICES   OF   IRON   AND   STEEL  IN 

THE  UNITED  STATES. 


No  TABULATED  Statistics  of  the  production  of  iron  in  our 
colonial  history  are  extant,  and  the  materials  for  such  a  com- 
pilation appear  to  be  entirely  wanting ;  nor  do  the  census 
statistics  of  the  United  States  contain  any  reference  to  the 
industries  of  the  country  until  1810. 

In  1814  there  was  published  A  Statement  of  the  Arts  and 
Manufactures  of  the  United  States  of  America  as  they  existed 
in  1810,  prepared  by  Tench  Coxe,  under  the  authority  of 
Albert  Gallatin,  Secretary  of  the  Treasury.  From  this  report 
we  obtain  the  following  information  concerning  the  condi- 
tion of  our  iron  industry  in  1810.     The  tons  are  gross  tons. 


Establishments  and  products. 


Number  of  blast  flimaces 

Number  of  air  Aimaces 

Tons  of  cast  iron  made 

Value  of  cast  Iron  made 

Number  of  bloomaries 

Tons  of  iron  made 

Value  of  Iron  made 

Number  of  forges 

Tons  of  bar  iron,  etc.,  made 

Value  of  bar  iron,  etc.,  made 

Number  of  trip  hammers 

I*roduct  of  trip  hammers  in  tons... 
Value  of  product  of  trip  hammers. 

Rolling  and  slitting  mills 

Tons  of  rolled  iron  made 

Product  of  slit  iron  in  tons 

Value  of  rolled  and  slit  iron 

Number  of  naileries 

Pounds  of  nails  made 

Value  of  nails  made 


United  States. 


153 

53,908 

12,981,277 

135 

2,564 

8226,034 

330 

24,541 

«2,874,063 

316 

600 


Pennsylvania. 


44 

6 

26,878 

81,301,343 

4 


816,000 

78 

10,969 

81,156,405 

50 


} 


8327,898 

878,496 

34 

18 

4,502 

9,280 

98 

S1,215,W6 

8606,426 

410 

175 

15,727,914 

7,270,825 

82,478,139 

8700,862 

In  the  totals  for  the  United  States  above  given  we  be- 
lieve the  values  to  be  correct,  as  they  include  returns  from 
every  State,  but  some  of  the  quantities  given  are  not  strictly 
accurate,  because  some  of  the  States  did  not  report  quanti- 
ties although  they  reported  values. 

The  product  of  the  steel  furnaces  in  Massachusetts,  Rhode 
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Island,  New  Jersey,  Pennsylvania,  Virginia,  and  South  Caro- 
lina in  1810  was  917  tons,  valued  at  $144,736.  Of  the  whole 
number  of  steel  furnaces  Pennsvlvania  contained  5,  of  which 
Philadelphia  city  and  Philadelphia,  Lancaster,  Dauphin,  and 
Fayette  counties  each  contained  one.  The  product  of  Penn- 
sylvania was  531  gross  tons,  valued  at  $81,147. 

In  the  census  year  1820  the  value  of  all  the  manufact- 
ures of  pig  iron  and  castings  in  the  United  States  was  $2,- 
230,275,  of  which  Pennsylvania's  share  was  $563,810.  In 
the  same  year  the  United  States  produced  manufactures  of 
\vrought  iron  of  the  value  of  $4,640,669,  of  which  Pennsyl- 
vania's share  was  $1,156,266.     Quantities  were  not  given. 

In  the  census  year  1830  the  value  of  the  pig  iron  and 
castings  manufactured  in  the  United  States  was  84,757,403, 
of  which  the  share  of  Pennsylvania  was  $1,643,702.  In 
the  same  year  the  country's  production  of  manufactures  of 
wrought  iron  amounted  in  value  to  $16,737,251,  of  which 
Pennsylvania's  share  was  $3,762,847.  Quantities  were  not 
given. 

In  the  census  year  1840  there  were  in  the  United  States 
804  furnaces,  which  produced  in  that  year  286,903  gross  tons 
of  "  cast  iron."  Pennsylvania  had  213  furnaces,  and  it  pro- 
duced 98,395  tons  of  "cast  iron."  In  the  same  year  there 
were  795  bloomaries,  forges,  and  rolling  mills  in  the  United 
States,  of  which  Pennsylvania  had  169.  The  number  of 
gross  tons  of  bar  iron  produced  in  that  year  was  197,233,  of 
which  Pennsylvania  produced  87,244  tons. 

In  the  census  year  1850  there  were  produced  in  the  Unit- 
ed States  563,755  gross  tons  of  pig  iron  by  377  establish- 
ments, of  which  Pennsylvania  produced  285,702  tons  in  180 
establishments.  In  the  same  year  the  United  States  produc- 
ed wrought  iron  manufactures  of  the  value  of  $22,629,271 
in  552  establishments,  Pennsylvania  contributing  89,224,256 
in  value  in  162  establishments. 

In  the  census  year  1860  the  United  States,  in  97  estab- 
lishments, produced  51,290  gross  tons  of  blooms,  valued  at 
82,623,178 ;  Pennsylvania,  in  57  establishments,  produced  24,- 
700  tons  of  blooms,  valued  at  81,467,450.  In  the  same  year 
the  United  States,  in  286  establishments,  produced  987,559 
tons  of  pig  iron,  worth  $20,870,120 ;  Pennsylvania,  in  125  es- 
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tablishments,  produced  580,049  tons  5f*  pig  iron,  worth  $11,- 
262,974.  In  256  establishments  the  United  States  produced 
513,213  tons  of  rolled  iron,  worth  $31,888,705;  Pennsylvania, 
in  87  establishments,  produced  266,253  tons  of  rolled  iron, 
worth  $15,122,842.  In  13  establishments  the  United  States 
produced  11,838  tons  of  steel,  worth  $1,778,240;  Pennsylva- 
nia, in  9  establishments,  produced  9,890  tons  of  steel,  worth 
$1,338,200. 

As  has  been  stated  the  ton  used  in  the  census  statistics 
of  1810,  1840,  1850,  and  1860  was  the  gross  ton  of  2,240 
pounds,  but  in  the  census  statistics  of  1870,  1880,  and  1890 
the  net  ton  of  2,000  pounds  was  used.  We  do  not  give  the 
census  statistics  for  the  last  three  decades  because  they  are 
largely  superseded  by  the  statistics  for  the  Jast  thirty  years 
which  have  already  been  presented  in  these  pages  or  will  yet 
be  presented  in  this  chapter,  and  which  have  been  compiled 
by  the  American  Iron  and  Steel  Association  from  returns 
received  annually  from  the  manufacturers. 

In  preceding  chapters  we  have  given  in  their  proper  con- 
nection the  statistics  of  the  production  of  pig  iron,  iron  rails, 
Bessemer  steel  ingots,  Bessemer  steel  rails,  and  open-hearth 
steel  in  the  United  States  for  a^long  series  of  years.  We 
now  present  some  additional  statistics  of  production  in  the 
United  States  down  to  the  close  of  1890. 

The  production  of  all  kinds  of  crude  steel  in  the  United 
States  in  1863  was  9,044  net  tons ;  in  1864,  10,369  tons ;  in 
1865,  15,262  tons;  in  1866,  18,973  tons;  and  in  1867,  22,- 
000  tons,  including  3,000  tons  of  Bessemer  steel  ingots. 
Our  production  of  crude  steel  since  that  year  has  been  as 
follows,  the  figures  embracing  Bessemer,  open-hearth,  and 
crucible  steel ;  also  a  few  thousand  tons  annually  of  blister 
and  other  kinds  of  steel. 


Years. 


Net  tons. 


Years. 


Net  tons. 


Years. 


Net  tons. 


1868. 
1869. 
1870. 
1871. 
1872. 
1873. 
1874. 
1875. 


30,000 

35,000 

77,000 

82,000 

100,108  I 

222,652 

241,614  i 

436,575 


1876 597,174 

1877 637,972 

1878 819,814  , 

1879 1,047,506  | 

1H80 1  1,397,015  I 

ISSl 1,778,912  ' 

1882 1,945,095 

1883 1,874,359 


1884 1  1,736,985 

1885 1,917,350 

1886 2,870,0a3 

1887 3,739,760 

1888 3,247,373 

1889 ■  3,792,020 

1890 4,790,319 
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The  following  table  gives  the  production  of  all  rolled 
iron  in  the  United  States,  except  iron  rails,  which  have  al- 
ready been  given,  but  rncluding  nail  plate,  from  1865  to  1890, 
covering  the  period  since  the  close  of  our  civil  war. 


'eaza.  ^ec  tonsi.  Yeaia.  Net  tons.  Yean.  .  Net  ton>. 


>fin _..  Jfl0.!>t8  1874. « 1,U0.U7 

:J«6 T95.ai  ljS75 - 1,097.367 

IW»7 - 579.SM  IS7IL ~~  l»lM2,101 

LS»5J» ^ Jt».JS«  1877 1.14t219 

l^W «1S.120  UTS.... - 1,32.«6 

i;*70 :ni5.joo  lara 1,827.324 

liiTL _ 710.080  18«0 - 1,338.906 

I'Ci ML»!  '.AH 2.1:35.346 

IUTZ -.  1.J76J68  1882- i2B5.a57 


1883 

2.383,920 

l*^^*>rT •  »**«••*•■*•• 

1.981,747 

1.789.7U 

188&. 

2.259,943 
2.565.438 

2.397,4€e 

Li8(0,....M.  •»•.••.•... 

2,576,127 

1890 

2.80i829 

The  following  table  shows  the  production  of  spiegeleisen 
aad  ferro-manganese  in  the  United  States  from  1875  to  1890. 
This  pn>iuotion  is  included  in  that  of  pig  iron  already  given. 


Years.  Xet  tonsw  Y^sars.  Net  tons.  Y'ean.  Net  tons. 


Kb 7.Se  lS8i 2La»    .    1887 47,596 

l-TR rt.016  ISSL^ 21,963     ,    1S8B 54.769 

I"*— S.^IS  I'HS 24.574         1889 85,823 

1578 iatfr4  1884. 33,S88    "    1890. —  149.1CC 

1*7!)...... 13.dSl  ISIsS 54.671 

l-*M IV».  'li^o  :Vi« 47.'>'J 


The  creographioal  centre  of  total  pro<iuction  of  the  iron 
and  steel  industries  of  the  Unitetl  States  is  the  point  at 
which  equilibrium  would  be  established  were  the  countrj* 
taken  as  a  plane  surface,  itself  without  weight  but  capable 
of  sustaining  weight,  and  loa«le<l  with  its  production  of  iron 
and  steel,  each  ton  exerting  pressure  on  the  pivotal  point 
•lireijtly  proportioned  to  its  distance  therefrom.  The  centre 
of  prudiiotion  of  iron  and  steel  in  the  United  States  in  the 
census  vear  ISSO  was  found  to  be  at  40^  43'  north  latitude 
an-l  79"  2ij'  longituvle  west  from  Greenwich.  This  point  is 
in  Penn.sylvania,  on  the  boundary  line  between  Armstrong 
and  Inliarui  counties,  and  about  12  miles  northeast  of  Apol- 
i'>  and  12  miles  west  of  Indiana,  Laufman  i  Co's  rollini: 
hiiil  at  A{Mjllo  being  the  nearest  iron  works.  At  the  centre 
of  production  thus  aseertainevl  iron  has  never  been  manu- 
factureil   in   anv   form.     It   will   be   interesting  to   note  the 
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equilibrium  point  of  production  as  it  will  be  established  by 
the  census  of  1890,  which  is  not  yet  completed. 

The  thoughtful  reader  will  look  for  statistics  of  produc- 
tion to  be  accompanied  by  a  record  of  the  prices  paid  by 
our  people  for  leading  iron  .and  steel  products.  This  record 
is  presented  in  the  following  tables.  It  goes  back  to  the  clos- 
ing years  of  the  last  century  and  comes  down  to  the  end 
of  1890.  It  is  as  complete  as  it  has  been  possible  to  make 
it,  and  no  pains  have  been  spared  to  make  it  accurate.  We 
have  not  attempted  a  compilation  of  colonial  prices,  but  the 
curious  reader  will  find  occasional  references  to  them  in  pre- 
ceding pages. 

The  first  table  contains  the  average  prices  of  charcoal  pig 
iron  at  Philadelphia  from  1799  to  1849,  when  anthracite  pig 
iron  became  the  standard  of  comparison.  Until  1827  the 
prices  are  for  the  best  pig  iron ;  from  1827  to  1833  they  are 
for  an  average  of  all  grades ;  from  1833  to  1840  they  are  for 
gray  iron ;  and  from  1840  to  the  close  of  the  table  they  are 
for  No.  1  foundry.  The  same  table  also  gives  the  aver- 
age prices  of  hammered  bar  iron  at  Philadelphia  from  1794 
to  1844,  although  its  manufacture  and  sale,  which  had  been 
declining  prior  to  1844,  continued  for  several  years  after- 
wards. 

In  the  second  table  the  average  prices  of  No.  1  anthra- 
cite foundry  pig  iron  at  Philadelphia  are  given  from  1842, 
in  which  year  quotations  first  appear,  to  1890.  In  the  same 
table  the  average  prices  of  best  refined  rolled  bar  iron  at 
Philadelphia  are  given  from  1844  to  1890,  and  the  average 
prices  of  iron  rails  delivered  at  Philadelphia  are  given  from 
1847  to  1882.  In  1883  the  manufacture  in  this  country  of 
iron  rails  of  standard  sections  virtually  came  to  an  end,  al- 
though a  few  light  iron  rails  are  still  manufactured.  A  few 
standard  iron  rails,  as  w^ell  as  light  rails,  were  made  in 
that  year,  but  at  higher  prices  than  steel  rails  commanded. 
The  column  devoted  to  steel  rails  in  the  second  table  gives 
the  average  prices  at  works  in  Pennsylvania  from  1867,  when 
they  were  first  made  in  commercial  quantities,  to  1890.  The 
same  table  also  gives  the  average  wholesale  prices  of  cut 
nails  in  eastern  markets,  in  kegs  of  100  pounds,  from  1835  to 
1890.     The  tons  used  in  the  tables  are  tons  of  2,240  pounds. 
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TABLE 


Y 


CbMieoal 
pig  iron. 


X  f«r1l ••••••••• 

1796 -.. 

1796 

1797 

1796 

1799 

IcKW...  ••.«.• 
XMI}  ••••••••• 

1808- 

1804 -.. 

1806 

1808 ; 

1809 j 

XO  *"••••••«••  I 

1811 ~^! 

1812 ^:; 

1813 

1814 

I 

AOA  V**  ■  ••  ••••  ■ 

1816 

1817 

1818 

1819 

1821 

1822 

1823 

1824 

1825 

18-26 

1827 

1828 

1829 

1830 

1831 

IWi 

1833 

1834 

1S35 

1K37 

iSiS 

1R39 

1840 

1841 

1H42 

1843 

1841 

IHlf) 

IMCi 

1S47 

1848 

1849 


136.25 
35.75 
S2.75 
30.75 
29.25 
29.75 
30.75 
35.75 
88.75 
40.00 
40.00 
38.00 
44.00 
47.50 
47.25 
46.00 
53.75 
50.25 
47.00 
42.25 
36.50 
85.00 
35.00 
85.00 
35.25 
40.00 
46.75 
46.50 
39.25 
35.00 
35.00 
35.00 

a5.oo 

35.t<0 
38.-25 
30.25 
30.25 
41.50 
41.25 
32.25 
3f).00 
32.75 
28.50 
28.00 
26.75 
28.25 
32.25 
31.25 
31.50 
2X.50 
24.50 


Hammered 
bar  iron. 


f77.50 

82.50 

106.50 

101.50 

97.50 

96.50 

100.50 

117.50 

99.00 

97.50 

9&50 

101.00 

108.50 

110.50 

104.00 

107.50 

106.00 

106.00 

106.00 

10600 

138.00 

144.50 

127.00 

114.00 

110.00 

110.00 

103.50 

90.50 

94.50 

90.00 

82,50 

97.50 

101.50 

100.00 

100.00 

97.00 

87.50 

85.00 

85.00 

82.50 

82.50 

81.50 

100.00 

111.00 

93.50 

96.."j0 

90.00 

85.00 

83.50 

77.50 

75.00 


TABLE 


Y 


Nalan- 
thnurite 
foandry 
pig  lion. 


Best  re- 
fined 
rolled 

bar  iron. 


Iron 
imik. 


I  Steel 
.  mils. 


1835- 

•*•*•• •••••• 

■*••« • •••••• 

1837 

1838 

1839 

1840- 

184L. 

1841. 

925.G0 

1813w 

1844- 

25.75 

1845 

29.25 

1846 

27.88 

1847 

30.25 

1848- 

26.50 

1849- 

22.75 

1830 

20.88 

1851- 

21.38 

1852- 

22.63 

1K8- 

36.12 

1854- 

36.88 

185&. 

27.75 

1856- 

27.12 

1857 

2638 

1858- 

22.25 

1859 

23.38 

1860- 

22.75 

1861 

20.25 

1862- 

23.88 

1863 

35.25 

1864- 

59.25 

1865 

46.12 

1866 

46.88 

1867 

44.12 

1868 

3y.*25 

1869 

40  63 

1870 

r»3.-25 

1871 

35.12 

187-2. 

48.88 

1873 

42.75 

1874 

30.'2r> 

1875 

25.50 

1876 

22.'25 

1877 

18.88 

1878. 

17.63 

1879 

21.50 

1880 

28.50 

1881 

25,12 

188-2 

25.75 

1883 

22.:w 

1884 

19.88 

1885 

18.0iJ 

1886 

18.71 

1887 

20.1»2 

1888 

18.88 

1S8U 

17.75 

1890 

18.40 

$85.62 
98.75 
91.66 
86.04 
79.33 
67.50 
99.54 
54.66 
58.79 
83.50 
91.33 
74.58 
73.75 
71.04 
62.29 
60.00 
58.75 
60.83 
7a42 
91.04 
146.46 
106.38 
98.13 
87.08 
85.63 
81.66 
78.96 
78.54 
97.63 
86.43 
67.95 
60.85 
52.08 
45.55 
44.24 
51.85 
60.38 
58.05 
61.41 
50.30 
44.06 
40.32 
43.12 
49.37 
44.99 
43.40 
45.92 


1 

•~ - 

1 

1 

■ 

1 „ 

•••••■ •••■• 

•  •••••  •••  • 

1 

1  169.00 

;     62.25 

53.88 

47.88 

45.63 
48J» 
77.25 
!     80.13 
i     62.88 
64.88 
64.25 
50.00 
49.38 
48.00 
42.38 

•  •••••••••• 

•  ••••••«••• 

41.75 

'     7688 

126.00 
98.63 
86.75 

~  I 


83.13 
78.88 
77.25 
?2.-25 
70.38 
85.13 
76.67 
58.75 
47.75 
41.25 
35.25 
83.75 
41.25 
49.25 
47.13 
45.00 


1166.00 

158.50 

182.25 

106.75 

102.50 

112.00 

120.50 

94.25 

68.75 

50.25 

45.50 

42.25 

48.25 

67.50 

61.13 

48.50 

37.75 

30.75 

28.50 

&4.50 

37.08 

29.83 

29.25 

31.75 


Cat  nails, 

per  keg 

of  lOO 

poonds. 

16.00 
600 
600 
6.00 
612 
5.50 
5w25 
4.75 
4.25 
4.50 
4.75 
4.50 
4.50 
4.25 
4.0D 

j.n 

3.28 
S.13 

4.85 
4.76 
4.10 
3.92 
3.72 
3.53 
3.86 
3.13 
2.75 
3.47 
5.13 
7.85 
7.08 
697 
5.92 
5.17 
4.87 
4.40 
4.52 
5.46 
4.90 
3.99 
3.42 
2.98 
2.57 
2.31 
2.fi0 
3.68 
3.09 
3.47 
3.06 
2-39 
2.3:', 
2.27 
2.30 
2.03 
2.00 
2.00 
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A  study  of  the  foregoing  tables  reveals  many  and  wide 
fluctuations  in  prices.  The  greatest  uniformity  will  be  no- 
ticed during  the  charcoal  era,  ending  about  1844,  allowance 
being  made  for  the  disturbing  effects  of  the  second  war  with 
Great  Britain.  The  greatest  fluctuations  will  be  found  since 
the  close  of  that  era,  not  counting  the  great  enhancement 
in  values  during  the  civil  war.  In  other  words,  before  we 
began  to  produce  iron  largely,  and  especially  while  we  held 
to  the  old  ways  of  manufacturing  it,  the  market  for  its  sale 
was  least  excited  and  least  depressed.  The  new  methods  re- 
duced prices  to  lower  figures  than  they  had  ever  touched  dur- 
ing the  charcoal  era,  and  the  rebound  has  frequently  been 
proportionately  greater  than  at  any  time  during  that  era. 
Until  we  began  to  manufacture  pig  iron  with  anthracite  coal 
its  yearly  price  after  1798  never  fell  below  $29  per  ton,  but 
in  1878  the  average  price  for  the  year  of  No.  1  anthracite 
foundry  pig  iron  was  $17.63.  Until  we  began  to  roll  the 
most  of  our  bar  iron,  instead  of  hammering  it,  its  yearly 
price  after  1794  did  not  fall  below  $77.50  per  ton,  but  in 
1885  the  average  price  for  the  year  was  $40.32,  or  much  less 
than  two  cents  per  pound.  The  greatest  fall  in  prices  has 
been  in  steel  rails,  which  have  been  sold  at  less  than  one- 
sixth  the  price  charged  for  them  when  we  began  their  man- 
ufacture in  1867.  The  lowest  average  annual  price  at  which 
Bessemer  steel  rails  have  been  sold  in  this  country  was  reach- 
ed in  1885,  namely,  $28.50-  per  ton,  but  sales  were  made  at 
still  lower  figures  in  1884,  1885,  1888,  and  1889— as  low  as 
$26  and  $27.  Wholesale  prices  of  cut  nails  have  fallen  from 
$6  per  keg  in  1835  to  an  average  of  $2  per  keg  in  1889  and 
1890,  sales  having  been  made  in  eastern  markets  in  the  last 
years  mentioned  at  $1.90  per  keg. 

The  production  of  iron  ore  in  the  United  States  in  the 
calendar  year  1889  has  been  ascertained  and  published  by 
the  Census  Office,  the  statistics  having  been  gathered  by  Mr. 
John  Birkinbine,  special  agent.  The  quantity  of  iron  ore 
produced  in  the  United  States  during  the  year  1889  was  14,- 
518,041  gross  tons,  valued  at  $33,351,978,  an  average  of  $2.30 
per  ton.  The  total  production  in  the  census  year  1880  was 
7,120,362  tons,  valued  at  $23,156,957,  an  average  of  $3.25 
per  ton.     The  increase  in  production  in  1889  over  the  census 
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year  1880  was  103.89  per  cent.  Of  the  twenty-six  States  and 
two  Territories  producing  iron  ore  in  1889  the  four  leading 
States  were  as  follows:  Michigan,  5,856,169  tons;  Alabama, 
1,570,319  tons;  Pennsylvania,  1,560,234  tons;  and  New  York, 
1,247,537  tons :  these  four  States  producing  10,234,259  tons, 
or  70.49  per  cent,  of  the  total  production.  The  details  of  the 
production  of  iron  ore  by  all  the  iron-ore  producing  States 
and  Territories  in  1889  are  as  follows. 


States  and  Territories. 


Production  in 
1889-<5ro88  tons. 


States  and  Territories. 


Alabama 

Colorado ^ 

Connecticut,  Maine,   and 

Massachusetts 

Delaware  and  Maryland... 
Georgia  and  N.  Carolina... 

Idaho  and  Montana. 

Kentucky 

Michigan 

Minnesota 

Missouri 

New  Jersey 


1,570,319 
109,136 

88.251 

29,380 

25S,145 

21,072 ' 

77,487 

5,856,169 

864,508 

265,718 

415,510 


'  New  Mexico  and  Utah 

I  New  York 

I  Ohio 

Oregon  and  Washington^... 

Pennsylvania 

Tennessee 

Texas. 

Virginia  and  West  Virginia 

Wisconsin 


Production  in 
1889— Gross  tons. 


86,050 

1,247,537 

254.291 

26,283 

1,560,234 

478,294 

13.000 

511,255 

837,899 


Total. 


14,518.041 


Mr.  Birkinbine  shows  that  62.38  per  cent,  of  the  iron 
ore  produced  in  the  United  States  in  1889  was  red  hematite; 
that  17.38  per  cent,  was  brown  hematite ;  that  17.26  per  cent, 
was  magnetite ;  and  that  2.98  per  cent,  was  carbonate. 

Mr.  Birkinbine  also  shows  that  the  total  cost  of  the  iron 
ore  mined  in  the  United  States  in  1889  aggregated  $24,781,- 
658,  equivalent  to  an  average  cost  of  $1.71  per  ton,  against 
$2.2i  ill  the  census  year  1880,  a  decrease  of  50  cents  per 
ton,  or  22.62  per  cent.  In  the  same  year,  1889,  the  average 
earnings  of  iron-ore  miners  and  other  iron-ore  producers,  in- 
cluding foremen,  in  the  United  States  amounted  to  $409.95, 
against  an  average  of  $308.94  in  the  census  year  1880,  an 
increase  of  32.70  per  cent. 

It  will  be  observed  that  the  statistics  of  our  iron-ore  in- 
dustry which  are  above  presented  show  an  increase  in  pro- 
duction in  1889  over  the  census  year  1880  of  over  100  per 
cent.,  an  average  decrease  in  the  cost  of  mining  of  50 
cents  per  ton,  an  average  decrease  in  value  at  the  mines  of 
95  cents  per  ton,  and  an  average  increase  in  earnings  per 
man  of  more  than  $100  per  annum. 
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CHAPTER  LX. 

IMPORTS   AND    EXPORTS    OF    IRON    AND    STEEL    BY 

THE  UNITED   STATES. 


The  exportation  of  bar  iron  from  the  American  colonies 
began  in  1717,  when  2  tons  of  bars  were  sent  to  England 
from  the  British  West  India  islands  of  Nevis  and  St.  Chris- 
topher, but  which  had  evidently  been  taken  there  from  one 
of  the  Atlantic  coast  colonies.  We  present  below  a  table, 
compiled  from  Scrivenor's  History  of  the  Iron  Trade,  showing 
the  quantity  of  colonial  iron  exported  to  England  from  1718 
to  1776,  inclusive.  The  colonies  which  made  the  shipments 
were  New  England,  New  York,  Pennsylvania,  Maryland, 
Virginia,  and  the  Carolinas.  They  were  not  permitted  to  ex- 
port their  iron  to  any  country  but  Great  Britain  or  one  of 
its  colonies,  and  not  to  Ireland  until  1765. 


Years. 


1718 

172fU9... 

ITMi 

1730-1... 
1731-2... 
1732-3... 

1733 

1733-4... 

1734 

1734-5... 

1735 

1739 

1740 

1741 

1742 

1743 

1744 

1745 

\1M\  .... 

1747 

1748 

1750 


Pig  iron. 


Tons,  cwt  qr.  lbs. 

«••••■■  •••  ••  ••• 

1,132  2  3  4 

1,725  14  3  7 

2.250  5  3  14 

2,332  14  3  15 

2,404  17  1  12 

2,197  10  1  14 

2,561  14  3  11 


Bar  iron. 


Years. 


Pig  iron. 


Tons.  cwt.  qr.  lbs. 
3     7     0     0 


•  • •  •       ■• 


»>■••       •• 


••        •• 


••        ••  • 


0  11  3  0 

>•  •  •••  ••  •  •  • 

0  0  2  12 

55  6  3  21 


••• •• •        *•• 


2,417 

16 

2 

4 

•  ■• 

•« 

•  •« 

2,275 

7 

1 

0 

5 

4 

1 

21 

3,457 

9 

0 

18 

5 

0 

0 

0 

2,075 

0 

0 

23 

•  •• 

.. 

•  •• 

2.985 

9 

•> 

8 

•  •• 

•  • 

... 

1,861 

16 

1 

22 

57 

0 

0 

0 

2,274 

5 

1 

17 

4 

5 

2 

14 

l,8tU 

2 

3 

13 

196 

18 

0 

12 

2,156 

15 

3 

16 

82 

11 

2 

11 

2,155 

15 

2 

23 

4 

0 

0 

0 

2,924 

0 

0 

20 

5 

17 

3 

0 

1751... 

1752... 

175:?... 

1754... 

1755... 

1761... 

1762.....! 

1763... 

1764... 

1765... 

1766... 

1767... 

1768... 

1769... 

1770... 

1771... 

W72... 

1773... 

1774... 


1775., 
1776. 


Tons. 
3,210 
2,980 
2,737 
3,244 
3.441 
2,766 
1.766 
2,566 
2,554 
3.264 
2,887 
3,313 
2,953 
3,401 
4,232 
5.303 
3.724 
2,937 
3,451 
2,996 
316 


Bai*  iron. 


16     0 
8     0 


cwt.  qr.  lbs.  Tons.  cwt. 

11  1      0            5  4 
13       2.        81  7 

19     3     27  ;       247  19 

17     1     23          270  15 

2     3       8         389  18 

"     3     12           39  1 

122  12 

310  19 

1,069  18 

1,078  15 

1,257  14 

1,325  19 

1,989  11 

1,779  13 

1,716  8 

6     3      13       2,222  4 

19     2     25  !       965  15 

13     0       2   I       837  15 

12  2     19         639  0 

0  2     24         916  5 

1  2       8  I        28  0 


8 

8 

5 
o 

0 
12 
18 


3 
1 
1 
1 
2 
2 
I 


0 

2 
27 
23 

8 

12 
o 

25 
21 

AM. 

15 
19 

14  I 
2  I 

18' 

13 

25  ! 
2   I 

19 

24 

8   I 


qr.] 

lbs. 

O 

*0 

9 

0 

26 

3 

11 

1 

4 

3 

20 

0 

0 

2 

14 

3 

2 

0 

10 

0 

16 

8 

9 

0 

18 

0 

6 

1 

23 

0 

21 

3 

24 

0 

23 

0 

6 

0 

23 

2 

11 

0 

0 

In  addition  to  the  foregoing  there  were  exported  to  Scot- 
land 264  tons  of  pig  iron  and  11  tons  of  bar  iron  in  the 
ten  years  from  1739  to  1749,  and  229  tons  of  pig  iron  in  the 
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six  years  from  1750  to  1756.  In  1770,  as  we  leam  from  Tim- 
othy Pitkin's  Statistical  View  of  the  Commerce  of  the  United 
States,  the  following  quantities  of  iron  were  exported  to  all 
countries,  including  England,  which  is  given  above  sepa- 
rately :  Pig  iron,  6,017  tons,  valued  at  $145,628 ;  bar  iron,  2,463 
tons,  valued  at  $178,891 ;  castings,  2  tons,  valued  at  $158 ; 
and  wrought  iron,  8  tons,  valued  at  $810.  These  are  all  the 
particulars  of  our  colonial  iron  exports  that  are  obtainable. 

From  1776  to  1791  there  is  no  record  of  any  shipments 
abroad  of  American  iron,  although  some  iron  may  have  been 
shipped  in  each  year  immediately  after  the  peace.  Since 
1791  our  exports  of  iron  and  steel,  except  in  the  form  of  ma- 
chinery and  other  manufactured  products,  have  not  consti- 
tuted any  considerable  part  of  our  foreign  trade.  Until  1840 
our  annual  exports  of  iron  and  steel  and  manufactures  there- 
of never  amounted  in  value  to  one  million  dollars.  In  1865 
they  first  amounted  to  ten  million  dollars. 

The  foreign  value  of  the  imports  into  the  United  States 
from  all  countries  of  iron  and  steel  and  manufactures  there- 
of, including  tinplates,  in  the  twenty  calendar  years  from 
1871  to  1890  is  given  in  the  following  table,  together  with  the 
value  of  the  exports  from  the  United  States  to  all  countries 
of  domestic  iron  and  steel  and  manufactures  thereof  in  the 
Si\nie  calendar  years,  agricultural  implements  not  included. 


Years. 


Imports. 


1871 »57,86f>,299 


1H72. 
1873. 
1874. 
1875. 
1876. 
1877. 
1878. 
187U. 
18»(). 


75.617,677 
60,005,538 
37,652,192 
27,363,101 
20,016.603 
19,874,399 
18,013.010 
33,3;n.569 
80,413,362 


ExporU. 

$14,185,359 
12,595,539 
14,173,772 
17,312,239 
17,970.833 
13,641,724 
18,W9,922 
15,101.899 
14.223,646 
15,156,703. 


Ycanj. 


Imports. 


1881 1  «61,5r>5,077 

1882 67,075,125 

1883 47,506,306 

i    18H4 37,078,122 

1885 31.144.552 

1886 41.6:«,779 

1887 56,420,607 

1888 42,311,689 

1889 42.027,742 

1890 44,540,0M 


Exports. 

$18,216,121 
22,^48,8*4 
22,716,040 
19.290.895 
16,622,511 
14.S65.0S7 
16,2;J5.922 
19,578,4VJ 
23.712.814 
27,0'>0,1S4 


Our  exports  of  iron  and  steel  in  1890  were  the  largest 
in  our  history.  As  in  other  years  they  consisted  chiefly  of 
machinery,  hardware,  sewing  machines,  saws  and  tools,  loco- 
motives, fire-arms,  scales  and  balances,  nails  and  wire,  car- 
wheels  and  miscellaneous  castings,  and  engines  and  boilers. 
Our  exports  of  pig  iron  and  steel  rails  are  increasing. 
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CHAPTER  LXL 

MISCELLANEOUS  STATISTICS    OF   IRON,   STEEL,  IRON 

ORE,  AND  COAL. 

The  year  1890  is  notable  in  the  history  of  the  iron  and 
steel  industries  of  the  United  States  as  the  year  in  which 
our  production  of  pig  iron  exceeded  for  the  first  time  that 
of  Great  Britain,  not  only  in  1890  but  in  1882,  the  year  of 
her  greatest  production.  This  achievement  by  American 
pig-iron  manufacturers  justifies  of  itself  the  presentation  in 
these  pages  of  complete  statistics  of  Great  Britain's  produc- 
tion of  pig  iron  for  a  long  series  of  years. 

In  1740,  exactly  151  years  ago,  the  production  of  pig  iron 
in  Great  Britain  was  only  17,350  tons,  the  denudation  of  her 
forests  having  almost  destroyed  her  pig-iron  industry  by 
decreasing  the  suj^ply  of  charcoal,  and  mineral  coal  not  yet 
having  come  into  general  use. 

In  1788  there  were  only  77  active  blast  furnaces  in  Eng- 
land and  Wales  and  8  active  furnaces  in  Scotland,  and  their 
production  was  68,300  gross  tons  of  pig  iron.  Of  the  whole 
number  of  furnaces  26  used  charcoal  and  59  used  coke.  The 
imports  of  pig  iron  by  Great  Britain  in  that  year  amounted 
to  about  15,000  tons,  and  the  imports  of  bar  iron  amounted 
to  51,469  tons.  In  1796  there  were  104  furnaces  in  blast  in 
England  and  Wales,  producing  108,993  tons  of  pig  iron,  and 
in  Scotland  there  were  17  furnaces  in  blast,  producing  16,086 
tons.  In  1806  there  were  233  furnaces  in  all  Great  Britain, 
of  which  173  were  in  blast,  producing  243,851  tons. 

The  following  table  shows  the  gro\\i:h  of  the  pig-iron  in- 
dustry of  Great  Britain  from  1788  to  1890.  For  this  valuable 
and  accurate  table  we  are  indebted  to  the  courtesy  of  Mr. 
Richard  Meade,  of  the  Mineral  Statistics  Branch  of  the  Home 
Department  of  Her  Majesty's  Government.  The  table  is  com- 
piled from  the  official  records  of  the  Department.  It  begins 
with  the  revival  ^f  the  British  iron  industry  which  followed 
the  general  introduction  of  coke  in  the  blast  furnace  and  of 
the  puddling  furnace  and  grooved  rolls  in  finishing  iron. 
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Great  Britain  also  annually  imports  large  quantities  of 
cupreous  iron  pyrites,  from  which  she  obtains  purple  ore 
as  a  residuum  for  use  in  her  blast  furnaces.  She  obtained 
447,580  tons  of  purple  ore  from  this  source  in  1887,  464,- 
207  tons  in  1888,  483,257  tons  in  1889,  and  492,669  tons  in 
1890. 

Great  Britain's  exports  of  iron  ore  are  usually  only  nom- 
inal, but  in  1886  and  1887  they  attained  respectable  propor- 
tions. In  1886  they  amounted  to  70,527  tons,  of  which 
69,639  tons  were  sent  to  the  United  States.  In  1887  they 
amounted  to  56,394  tons,  of  which  53,817  tons  were  sent  to 
the  United  States.    They  have  since  greatly  declined. 

As  the  prosperity  of  the  British  iron  trade  rests  so  com- 
pletely upon  the  abundant  home  sui)ply  of  bituminous  coal 
the  statistics  of  its  production  also  properly  find  a  place  in 
these  pages.  The  following  table  show^s  the  annual  produc- 
tion of  coal  in  Great  Britain  from  1855  to  1890.  This  table 
has  been  carefully  revised  for  these  pages  by  Mr.  Meade. 


Years. 


Gross  toHH. 


Years. 


1855. 
1856. 
1857. 
1858. 
1859. 
1860. 
1861. 
1862. 
1863. 
1864. 
1865. 
1866. 


M,453,079 
66,645.450 
65,394,707 
65.008,649 
71,979,765 
80,ai2,698 
&1,013,941 
81,638,338 
86,292.215 
92,787,873 
98,150,587 
101,630,M4 


1867. 
1868. 
1869. 
1870. 
1871. 
1872. 
1873. 
1874. 
1875. 
1876., 
1877., 
1878. 


Groeis  tons. 

104,500,480 
103.141,157 
107,427,557 
110,431,192 
117,352,028 
123,497,316 
128.680,131 
126,590,108 
133,306,485 
134,125,166 
134,179,968 
132,612,063 


Years. 


Groffi  ton.««. 


1879 133,720,393 

1880 1  146,969,409 

1881 !  154,184,300 

1882 156,499,977 

1883 163,737,327 

1884 160.757,779 

1885 ;  159,351,418 

1886 '  157,518,482 

1887 162,119,812 

1888 169,935,219 

1889..... 176,916,724 

1890 181,614,288 


A  steady  decline  in  the  production  of  coal  in  Great  Britain 
from  1883  to  1886  will  be  noticed,  but  in  1887  the  production 
increased,  in  1888  and  1889  it  still  further  increased,  and  in 
1890  it  reached  the  astonishing  total  of  181,614,288  tons. 

Germany  has  for  a  long  time  been  third  in  the  list  of 
iron  and  steel  producing  countries,  the  United  States  and 
Great  Britain  being  first  and  second.  The  growth  of  Germa- 
ny's iron  and  steel  ii\dustries  in  recent  years  has  been  rapid. 
The  following  table,  which  has  been  carefully  revised  for 
these  pages  by  Dr.  Hermann  Wedding,  of  Berlin,  shows  the 
production  of  pig  iron  in  Germany  and  the  Grand  Duchy 
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of  Luxemburg,  included  in  the  Zollverein,  from  1844  to  1890. 


Years. 


Metric  tons. 


1854.. 
1860. 
1861.. 
1862.. 
1863. 
1861.. 
1865.. 
1866.. 
1867.. 
1868.. 


171,000 

869,000 

529,087 

591,593 

696,350 

812,565 

901,658 

988,191 

1,046,954 

1,113,606 

1,264,347 


Years. 


Metric  tons. 


'    1869. 1,413,029 

:    1870 1,391,124 

1871 [  1,563,682 

'    1872. 1,988,394 

1873 2,240.575 

'    1874 1,906,263 

,    187« '  2,029.389 

1876 1,846,545 

j    1877 1.934,726 

;    1878 2,147.641 

j    1879 j  2,226,587 


Years. 

1880 

1881 

1882. 

1883 

1884- 

1885- 

1886 

1887 

1888- 

1889- 

1890 


Metric  tons. 


2,729,038 
2,91-4,009 
3,380,806 
8.469,719 
3,600,612 
3,687,433 
3,528,658 
4,023,953 
4,3»7,421 
4,524,558 
4,637,239 


In  1834,  ten  years  earlier  than  the  year  first  named  in 
the  table,  the  production  of  pig  iron  in  Germany  and  Lux- 
emburg was  only  110,000  metric  tons. 

As  the  iron  and  steel  industries  of  Germany  owe  their 
present  prominence  in  large  part  to  the  possession  by  Ger- 
many of  an  abundant  local  supply  of  mineral  fuel  we  give 
below  a  table,  also  verified  for  these  pages  by  Dr.  Wedding, 
showing  the  aggregate  production  of  both  coal  and  lignite  in 
Germany  from  1853  to  1890. 


Years. 


Metric  tons. 


Years. 


Metric  tons. 


Yean. 


Metric  tons. 


1851? 10,714,556 

lS,-)7 14,807,121 

1860 16,730,492 

1861 1  18,755,361 

18<V2 20,660,677 

myS 22,366,203 

18<>4 25,612,899 

1865 1  28,552,762 

1806 28,162,805 

18<-.7 30,802,889 

1868 32,879,123 


1869 34,ai3,913 

1870 :u,oor>,oo4 

1871 37,856,110 

1872 42,324,467 

1873 46,145,194 

1874 46,658,145 

1875 47,801,054 

1876 49,550,461 

1877 48,220,882 

1878 50.519,899 

1879 53.470,716 


1880 59,118,035 

1881 61,M0.4S5 

1882 65,378,211 

1883 70,442,618 

1884 72,113,820 

1885 i  ?3,675,515 

1886 73,682,5*4 

1887 ^  76.232,618 

1888 1  81,960.083 

1889 84,788.009 

1890 89,051,527 


In  1848  the  total  production  of  coal  and  lignite  in  Ger- 
many was  only  5,800,985  tons. 

Germany  and  Luxemburg  produced  10,664,307  tons  of 
iron  ore  in  1888,  11,002,187  tons  in  1889,  and  11,409,625  tons 
in  1890.  The  imports  of  iron  ore  into  Germany  and  Luxem- 
burg, chiefly  from  Spain,  amounted  to  1,163,373  tons  in  1888, 
1,234,789  tons  in  1889,  and  1,522,181  tons  in  1890 ;  and  the 
exports,  chiefly  from  Lothringen,  amounted  to  2,211,820  tons 
in  1888,  2,179,836  tons  in  1889,  and  2,208,120  tons  in  1890. 
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In  the  following  table  we  give  the  statistics  of  the  pro- 
duction of  basic  steel  by  countries  in  the  last  four  years. 


Countries— G roes  tons.  .       1887.       '       1888. 


1889.  1890. 


England. 3«>4,526  408,594  493,919  !      608,400 

Germany,  Luxemburg,  and  Austria 1,102,496  1,276,070  1,481,642  i   1,695,472 

France 176,500  >      222,833  222,392  240,638 

Belgiimi,  Russia,  and  the  United  States !  00,959  !        46,237  i        76,599  163,573 


Total I    1,704,481 


1,953,234        2,274,552        2,603,083 


The  increased  production  of  basic  steel  in  1890  over  1889 
was  328,531  gross  tons.  The  total  production  of  basic  steel 
since  the  invention  of  the  basic  process  down  to  the  close 
of  1890  is  reported  to  have  been  13,448,000  gross  tons. 

Of  the  total  production  of  basic  steel  in  1890  there  were 
made  by  the  basic  Bessemer  process  2,232,639  tons  and  by 
the  basic  open-hearth  process  370,444  tons.  Of  the  basic 
Bessemer  production  1,593,148  tons  contained  under  .17  per 
cent,  of  carbon,  and  of  the  basic  open-hearth  production 
298,867  tons  contained  under  .17  per  cent,  of  carbon. 

In  the  production  of  2,603,083  tons  of  basic  steel  in  1890 
there  were  also  produced  623,000  tons  of  slag,  containing 
about  36  per  cent,  of  phosphate  of  lime,  nearly  the  whole 
of  which  was  used  as  a  fertilizer. 

The  position  of  the  United  States  among  iron  and  steel 
producing  countries  at  the  present  time  is  correctly  indicat- 
ed in  the  following  table  of  the  world^s  production  of  pig 
iron  and  steel  of  all  kinds,  which  we  have  compiled  from  the 
latest  and  most  reliable  statistics  that  are  accessible.  Most 
of  the  details  are  derived  from  official  sources,  while  only 
those  relating  to  "  other  countries  "  have  been  estimated.  This 
table  places  the  world's  production  of  pig  iron  in  1890  at 
26,968,468  tons,  and  the  world's  production  of  steel  in  that 
year  at  12,151,255  tons.  The  percentage  of  pig  iron  produc- 
ed by  the  United  States  was  34.1,  and  its  percentage  of  steel 
was  35.2.  Tons  of  2,240  pounds  are  used  in  giving  the 
statistics  of  Great  Britain,  the  United  States,  Canada,  and 
"other  countries,"  and  metric  tons  of  2,204  pounds  for  all 
the  Continental  countries  of  Europe.  As  the  difference  be- 
tween the  gross  ton  and  the  metric  ton  is  so  trifling  it  is 
not  necessary  to  change  official  figures. 


524 


THE   MANUFACTURE  OP 


Pig  iron. 


Countries. 


Years. 


Tons. 


Uniteti  States 1890 9,202,703 

Great  Britain 1890 7,9M,214 

(iermany  and  Luxembarg 1890 4,637,239 

France 1890. 1,970,160 

Belgium 1890 781,958 

Austria  and  Hungary 1800 925.308 

Russia  (including  Siberia) 1889 745,872 

Sweden 1890 456,102 

Spain » 1888- 232,000 

Italy '•  1889 13,473 

Canada 1890. 19,439 

Other  countries *  1890 » 80,000 

■  I 

Total „ 26,968,468 

Percentage  of  the  United  States.....' 34.1 


Steel. 


Yean. 


Tons. 


1890.. 

1890... 

1890... 

1890.. 

1890.. 

1890.. 

1889.. 
i  1890.. 
I  1888.. 
I  1889.. 
I  1889.. 

1890.. 


4,277.071 

3.679,043 

2,161,821 

704.013 

239,266 

440.605 

263,719 

169,286 

28,&15 

157.899 

24,887 

5,000 

12,151.;S5 


35.2 


In  the  following  table  we  also  give  the  latest  accessible 
information  concerning  the  production  of  coal  and  iron  ore 
throughout  the  world.  The  percentage  of  production  of  coal 
by  the  United  States  is  seen  by  this  table  to  have  been  25.7 
and  its  percentage  of  production  of  iron  ore  is  seen  to  have 
been  31.4. 


Iron  ore. 


Countries. 


Year?. 


Tons. 


Unite<l  States 189^) 18,000,000 

Great  Britain 1890 13,780,767 

(Germany  and  Luxemburg 1890 11,409,625 

Franco 1887 2,'>7it.4Go 

Belgium 1880 202,431 

Austria  and  Hungary. 1890 2,200,000 

Russia  (including  Siberia) 18SS 1,433,513 

Sweden 1S90 941.241 

Spain 1888 4,500,000 

Italy 1889 173.489 

Canada 1890 68,313 

Other  countries  (including  Culia)....  1890 2.000,000 

Total 57,288,844 

Percentage  of  the  United  States 31.4 


Coal. 


Years. 


Tons. 


1889. 126,097,779 

1890 181.614.2^^ 

1890 89.ajh527 

1890. 25,836,953 

1890. 20,;M3,496 

1889 25,326.417 

1889 6.228,000 

1890 2V8.000 

1888 1,203.119 

1889 3V0.320 

1890. 2,783.626 

1890 11.2CR),000 

490.333,524 

25.7 


It  is  not  pretended  that  all  of  the  details  in  the  above 
tables  are  absolutely  accurate ;  at  the  present  stage  of  statis- 
tical inquirj'  even  in  highly  civilized  countries  this  would 
be  impossible.    But  they  are  substantially  accurate. 
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CHAPTER  LXIL 

SOME  OF   THE   IMPORTANT  USES  OF  IRON  AND 
STEEL  IN  THE  UNITED  STATES. 

In  Ure's  Dictionary  of  Arts,  Manufdctures,  and  Mines  we 
find  this  comprehensive  and  eloquent  description  of  iron : 
"  Every  person  knows  the  manifold  uses  of  this  truly  precious 
metal.  It  is  capable  of  being  cast  in  moulds  of  any  form ;  of 
being  drawn  out  into  wires  of  any  desired  strength  or  fine- 
ness ;  of  being  extended  into  plates  or  sheets ;  of  being  bent 
in  every  direction ;  of  being  sharpened,  hardened,  and  soften- 
ed at  pleasure.  Iron  accommodates  itself  to  all  our  wants, 
our  desires,  and  even  our  caprices ;  it  is  equally  serviceable  to 
the  arts,  the  sciences,  to  agriculture,  and  war ;  the  same  ore 
furnishes  the  sword,  the  ploughshare,  the  scythe,  the  prun- 
ing-hook,  the  needle,  the  graver,  the  spring  of  a  watch  or  of 
a  carriage,  the  chisel,  the  chain,  the  anchor,  the  compass,  the 
cannon,  and  the  bomb.  It  is  a  medicine  of  much  virtue,  and 
the  only  metal  friendly  to  the  human  frame." 

The  people  of  the  United  States  are  the  largest  per  cajyita 
consumers  of  iron  and  steel  in  the  world,  and  of  all  nations 
they  are  also  the  largest  aggregate  consumers  of  these  prod- 
ucts. Our  annual  consumption  of  iron  and  steel  has  for  sev- 
eral years  averaged  over  300  pounds  for  every  man,  woman, 
and  child  in  the  United  States.  Great  Britain  makes  about 
as  much  iron  and  steel  as  we  do,  but  she  exports  about  one- 
half  of  all  the  iron  and  steel  that  she  makes,  much  of  it  in 
the  form  of  iron  and  steel  ships,  machinery,  cutlery,  etc.  We 
estimate  Great  Britain's  annual  home  consumption  of  iron 
and  steel  in  recent  years  to  be  less  than  275  pounds  per  cap- 
ita. No  other  European  country  equals  Great  Britain  in 
the  per  capita  consumption  of  iron  and  steel. 

A  simple  enumeration  of  some  of  the  more  important 
uses  to  which  iron  and  steel  are  applied  by  our  people  will 
show  how  prominent  is  the  part  these  metals  play  in  the 
development  of  American  civilization  and  in  the  advance- 
ment of  our  greatness  and  power  as  a  nation. 
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We  have  built  more  miles  of  railroad  than  the  whole  of 
Europe,  and  have  used  in  their  construction  as  many  rails, 
and  now  use  in  their  equipment  fully  as  many  railroad  cars 
and  locomotives.  At  the  close  of  1889  this  oountrv  had 
161,319  miles  of  railroad,  Europe  had  136,859  miles,  and  all 
the  rest  of  the  world  had  71,965  miles.  The  United  States 
had  25  miles  of  railroad  to  every  10,000  of  population,  while 
Europe  had  a  little  more  than  4  miles  to  the  same  popula- 
tion. Railroads,  it  is  well  known,  annually  consume  in  rails, 
bridges,  cars,  and  locomotives  about  one-half  of  the  world's 
total  production  of  iron  and  steel.  The  street  railway  is 
an  American  invention,  and  we  are  far  in  advance  of  every 
other  nation  in  its  use.  We  were  also  the  first  nation  in  the 
world  to  introduce  elevated  railways  especially  to  facilitate 
travel  in  large  cities.  Beauty  of  design,  fitness  of  parts,  and 
strength  of  materials  have  been  so  perfectly  combined  in  the 
construction  of  our  elevated  railways  as  to  excite  the  ad- 
miration of  all  who  behold  them.  We  are  the  foremost  of 
all  nations  in  the  use  of  iron  and  steel  in  bridge-building 
for  railroads  and  ordinary  highways,  and  the  lightness  and 
gracefulness  of  our  bridges  are  nowhere  equaled,  while  their 
strength  and  adaptability  to  the  uses  for  which  they  are  re- 
quired are  nowhere  surpassed.  The  steel  wire  in  the  Brook- 
lyn bridge,  which  is  in  many  respects  the  most  notable  bridge 
in  the  world,  is  all  of  American  manufacture. 

In  the  use  of  iron  for  water,  sewage,  and  illuminating  gas 
pipes  we  are  far  in  advance  of  every  other  nation,  because 
our  small  cities  and  country  towns  now  quickly  adopt  all 
the  improvements  of  large  cities. 

We  make  more  iron  stoves  for  heating  halls  and  dwell- 
ings and  for  the  purposes  of  the  kitchen  than  all  the  rest  of 
the  world,  and  in  the  use  of  kitchen  ranges  we  are  in  ad- 
vance of  every  other  nation.  Our  household  stoves,  both  for 
heating,  and  cooking,  are  works  of  real  art  as  well  as  of  util- 
ity. They  are  ornaments  of  American  homes  instead  of  be- 
ing conveniences  simply.  Our  heating  stoves  are  especially 
handsome,  bright,  cheerful,  clean,  and  conducive  to  health. 
The  heating  of  public  and  private  buildings  with  hot-air 
heaters  has  long  been  more  popular  in  our  country  than  in 
any  other  country,  but  in  late  years  steam  and  hot-water  pipes 
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are  rapidly  coming  into  use  as  rivals  of  hot-air  flues.  Cook- 
ing and  other  domestic  utensils  of  iron  have  always,  even  in 
colonial  days,  been  freely  used  in  American  households. 

We  make  liberal  use  of  both  cast  and  wrought  iron  and 
steel  in  the  construction  of  public  and  private  buildings. 
Our  use  of  iron  and  steel  for  these  purposes  has  rapidly  in- 
creased in  late  years,  and  in  much  of  our  work  of  this  char- 
acter we  have  given  truly  artistic  effects  to  these  metals.  We 
probably  excel  all  nations  in  the  use  of  iron  and  steel  for 
ornamental  purposes  in  connection  with  masonry,  brick-work, 
and  wood- work.  Fine  illustrations  of  the  artistic  combina- 
tion  of  iron  with  other  materials  ten  years  ago  may  be  seen 
in  the  interior  of  the  new  State  Department  building  at 
Washington  and  in  the  interior  of  the  passenger  station 
of  the  Pennsylvania  Bailroad  at  Philadelphia,  while  upon 
every  hand  are  seen  later  illustrations  of  our  artistic  uses 
of  iron  and  steel. 

We  consume  large  quantities  of  wire  rope  in  our  extend- 
ed and  varied  mining  operations,  and  we  lead  the  world  in 
the  use  of  Bessemer  steel  wire  for  fencing  purposes.  We  have 
more  miles  of  telegraph  wire  in  use  than  any  other  country. 
The  electric  telegraph  and  telephone  are  American  inven- 
tions ;  barbed  iwire  fencing  is  also  an  American  invention. 
Large  quantities  of  iron  and  steel  are  now  required  annually 
for  the  electrical  machinery  which  is  in  general  use  in  this 
country  in  the  production  of  light  and  power. 

We  have  made  rapid  progress  in  late  years  in  the  con- 
struction of  iron  and  steel  ships  and  lake  and  river  steam- 
ers, and  we  would  have  made  much  greater  progress  if  the 
same  encouragement  that  has  been  given  by  other  nations 
to  their  shipping  interests  had  been  given  to  ours.  Our 
new  navy   is  being  built  almost  wholly  of  steel. 

We  use  immense  quantities  of  plate  iron  and  steel  in  the 
storage,  transportation,  and  refining  of  petroleum,  in  the  pro- 
duction of  which  nature  has  given  us  a  great  advantage. 
The  oil  wells  themselves  yearly  require  thousands  of  tons 
of  iron  and  steel  pipes  for  tubing.  Our  natural  gas  wells 
also  create  a  large  demand  for  iron  and  steel  pipes.  We 
make  liberal  use  of  plate  and  sheet  iron  and  steel  in  the 
construction  of  the  chimneys   of  steamboats  on  our  lakes 
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and  rivers,  and  in  the  construction  of  factory  and  rolling- 
mill  chimneys  and  the  stacks  of  blast  furnaces.  The  jackets 
of  hot-blast  stoves  also  require  large  quantities  of  plate  iron 
and  steel  in  their  construction.  American  planished  sheet 
iron  has  almost  entirely  superseded  Russia  sheet  iron  in  our 
markets.  We  use  it  for  locomotive  jackets,  in  the  manufact- 
ure of  stoves  «ind  stove-pipe,  and  for  many  other  purposes. 
We  are  the  largest  consumers  of  tinplates  in  the  world,  Great 
Britain,  their  principal  manufacturer,  sending  us  annually 
more  than  three-fourths  of  her  total  exports  ;  indeed  we  con- 
sume more  tinplates  than  all  the  rest  of  the  world.  We  are 
also  large  consumers  of  galvanized  sheet  iron  and  steel  for 
spouting,  coal-buckets,  portable  heaters,  and  other  purposes. 

Our  portable,  and  stationary  steam  engines  create  a  con- 
stant demand  for  large  quantities  of  iron  and  steel.  Porta- 
ble engines  are  widely  used  in  the  lumber  districts  of  this 
countr}'  and  in  threshing  grain  upon  American  farms.  Our 
extensive  mining  operations  require  the  most  powerful  en- 
gines, while  our  manufacturing  enterprises  and  the  steam 
vessels  on  our  lakes  and  rivers  and  on  the  ocean  require  both 
large  and  small  engines.  Steam  cranes  and  elevators,  steam 
dredges,  steam  hammers,  and  steam  and  hydraulic  pumps 
create  a  market  for  large  quantities  of  iron  •and  steel.  Our 
beautiful  steam  fire-engines  are  the  product  of  American 
taste  and  skill,  if  they  are  not  strictly  an  American  inven- 
tion, and  we  annually  make  large  numbers  for  home  use 
and  for  exportation.  Anchors  and  chains,  cotton-presses  and 
cotton-ties,  sugar-pans  and  salt-pans,  and  general  foundry 
and  machine  work  require  large  quantities  annually  of  both 
iron  and  steel.  We  make  our  own  cotton  and  woolen  manu- 
facturing machinery,  and  nearly  all  the  other  machinery 
that  we  use.  The  manufacture  of  the  printing  presses  of 
the  country  consumes  immense  quantities  of  iron  and  steel. 
No  other  country  makes  such  free  use  of  the  printing  press 
as  this  country.  We  are  the  leading  agricultural  country 
of  the  world,  and  hence  are  the  largest  consumers  of  agri- 
cultural implements ;  but  we  are  also  in  advance  of  every 
other  country  in  the  use  of  agricultural  machinery,  the  best 
of  which  we  have  invented. 

We  lead  all  nations  in  the  manufacture  of  cut  nails,  wire 
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nails,  and  spikes.  Having  a  larger  and  more  rapidly-increas- 
ing population  than  any  other  country  that  is  noted  for  its 
consumption  of  iron  and  steel  we  are  consequently  the 
largest  consumers  of  nails  and  spikes  in  the  construction  of 
dwellings  and  public  buildings,  stores,  warehouses,  and  like 
structures.  The  nail-cutting  machine  is  an  American  inven- 
tion. Our  manufactures  of  scales  and  balances,  letter-press- 
es, burglar-proof  and  fire-proof  safes,  sewing-machines,  and 
wagons  and  carriages  consume  iron  and  steel  in  large  quan- 
tities. Sewing-machines  are  an  American  invention.  We 
use  more  pleasure  carriages  in  proportion  to  population  than 
Great  Britain,  France,  Germany,  or  any  other  country,  and 
we  also  use  many  bicycles.  Large  quantities  of  iron  and  steel 
are  used  for  fire-arms,  sewer  and  other  gratings,  street-cross- 
ings, iron  pavements,  lamp-posts,  posts  and  frames  for  awn- 
ings, posts  for  electric  lights,  fire-plugs,  fire-escape  ladders, 
builders'  hardware  and  all  sorts  of  small  hardware,  horse- 
shoes  and  horseshoe  nails,  wure  rope  for  miscellaneous  pur- 
poses, barrel  and  baling  hoops,  cots  and  bedsteads,  burial 
caskets,  chairs  and  settees,  woven-wire  mattresses,  screens,  wire 
netting,  wire  mats,  wire  belting,  railings,  and  street  letter- 
boxes. In  the  manufacture  of  machine  and  hand  tools  and 
general  cutlery  we  are  excelled  by  no  other  country,  and  in 
the  use  of  machine  tools  we  are  in  advance  of  every  other 
country.  No  other  country  makes  such  free  use  of  labor- 
saving  inventions  of  all  kinds  as  this  country,  most  of  which 
require  iron  and  steel  in  their  manufacture.  Our  saws  and 
axes  especially  enjoy  a  world-wide  reputation,  and  so  also 
do  American  shovels.  Not  the  least  important  use  to  which 
iron  and  steel  are  put  in  this  country  is  in  the  extension  of 
the  iron  industry  itself,  every  blast  furnace,  rolling  mill,  and 
steel  works  that  is  erected  first  consuming  large  quantities 
of  these  products  before  contributing  to  their  general  supply. 
In  the  substitution  of  steel  for  iron  this  country  has  made 
rapid  progress,  especially  in  the  construction  and  equipment 
of  its  railroads.  During  the  past  ten  years  virtually  all  the 
rails  that  have  been  laid  on  American  railroads  have  been 
made  of  Bessemer  steel.  The  manufacture  of  iron  rails  in 
this  country  is  practically  ended,  steel  rails  now  costing  much 
less  than  iron  rails.    On  most  American  railroads  the  boilers 


530  THE   MANUFACTURE  OP 

of  all  new  locomotives  are  now  required  to  be  made  of  steel, 
and  the  tendency  is  toward  the  exclusive  use  of  steel  for 
locomotive  boilers  and  its  general  use  for  stationary  and 
marine  boilers.  The  tires  of  American  locomotives  are  now 
made  exclusively  of  steel,  and  the  fire-boxes  of  our  locomo- 
tives are  generally  made  of  steel.  The  steel  used  in  the  con- 
struction of  American  locomotives  is  now  chiefly  produced  by 
the  open-hearth  process.  We  have  built  many  steel  bridges, 
and  there  is  a  marked  tendency  to  substitute  steel  for  iron 
in  bridge-building.  In  shipbuilding  we  commenced  the  use 
of  steel  as  a  substitute  for  iron  several  years  ago.  The  use 
of  rolled  steel  for  building  purposes  in  this  country  is  mak- 
ing rapid  headway.  Steel  is  now  largely  used  in  the  manu- 
facture of  wire  for  miscellaneous  purposes,  and  for  car  and 
carriage  axles,  carriage  tires,  screws,  bolts,  rivets,  and  many 
other  articles  for  which  iron  was  formerly  used.  All  of  our 
barbed  wire  fencing  is  made  of  steel.  Until  recently  steel 
had  not  been  much  used  in  this  country  fgr  any  kind  of 
nails,  but  it  is  now  in  general  use  in  their  manufacture. 

Mention  has  been  made  of  the  artistic  finish  of  some  of 
our  iron  and  steel  work,  but  the  subject  seems  worthy  of  fur- 
ther notice.  It  is  not  only  in  stove-founding,  in  the  grace- 
ful designs  of  bridges  and  elevated  railways,  and  in  the  deli- 
cate combination  of  iron  and  steel  with  other  materials  in 
the  construction  and  ornamentation  of  buildings  that  Amer- 
ican ironworkers  have  displayed  both  taste  and  skill.  The 
fine  arts  themselves  are  being  enriched  by  our  ironworking 
countrymen.  An  iron  foundry  at  Chelsea,  in  Massachusetts, 
has  reproduced  in  iron  castings  various  works  of  art  with 
all  the  fidelity  and  delicacy  of  Italian  iron  founders.  The 
niost^delicate  antique  patterns  have  been  successfully  copied. 
Shields  representing  mythological  groups  and  classic  events, 
medallions  containing  copies  of  celebrated  portraits,  panels 
containing  flowers  and  animals,  an  imitation  of  a  Japanese 
lacquer  tray  one-sixteenth  of  an  inch  thick,  and  a  triumphal 
procession  represented  on  a  large  salver  comprise  some  of  the 
work  of  the  Chelsea  foundry.  Some  of  the  castings  have 
been  colored  to  represent  bronze  and  others  to  represent  steel, 
while  others  again  preserve  the  natural  color  of  the  iron. 
The  bronzed  castings  resemble  beaten  work  in  copper.   Amer- 
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ican  pig  iron  has  been  chiefly  used.  Other  foundries  have 
produced  similar  castings. 

Until  recently  we  conspicuously  fell  behind  European 
countries  in  the  use  of  iron  and  steel  for  military  purposes. 
We  maintain  only  a  small  standing  army,  and  hence  still 
have  but  little  use  for  iron  and  steel  for  the  supply  of  this 
branch  of  the  public  service.  But  we  are  now  building  a 
large  navy,  which  will  soon  compare  favorably  in  the  num- 
ber and  size  of  its  vessels  and  in  their  equipment  with  the 
navies  of  Europe.  We  are  behind  other  countries  in  the  use 
of  iron  and  steel  sleepers  for  railroad  tracks.  We  yet  have 
an  abundance  of  timber  for  railroad  cross-ties,  and  hence  do 
not  need  to  substitute  either  iron  or  steel  cross-ties.  Except 
as  an  experiment  there  is  not  an  iron  or  steel  cross-tie  in  use 
in  this  country.  We  have  long  used  coal  cars  made  of  plate 
iron,  but  recently  we  have  commenced  the  building  of  iron 
and  steel  cars  for  the  transportation  of  ordinary  freight.  We 
still  import  many  blacksmiths'  anvils,  their  manufacture  be- 
ing a  branch  of  the  iron  industry  to  which  we  have  not 
yet  given  adequate  attention.  Anvils  of  the  best  quality  are, 
however,  made  in  this  country.  A  far  more  serious  hiatus 
in  our  iron  and  steel  industries  existed  until  recently  in  the 
total  absence  of  the  manufacture  of  tinplates,  which  are  al- 
most entirely  composed  of  sheet  iron  or  steel.  ^As  we  can 
import  the  crude  tin  as  easily  as  we  import  other  commodi- 
ties our  failure  to  manufacture  tinplates  must  be  ascribed 
to  the  only  true  cause,  our  inability  to  manufacture  sheet 
iron  and  steel  and  coat  them  with  tin  as  cheaply  as  this  is 
done  by  British  manufacturers.  Tin  ore  has  been  discover- 
ed in  this  country  in  several  places  and  is  now  being  smelt- 
ed, and  it  is  not  improbable  that  block  tin  may  yet  be  pro- 
duced at  home  in  sufficiently  large  quantities  to  supply  any 
domestic  demand  for  it  that  may  be  created.  The  passage 
of  the  McKinley  tariff  act  in  1890  has  led  to  the  establish- 
ment of  many  tinplate  enterprises  in  our  country  in  1891. 

Other  uses  of  iron  and  steel  in  the  United  States  might 
be  discovered  upon  further  reflection  and  investigation,  but 
enougli  particulars  have  been  recited  to  show  to  how  many 
uses  these  metals  are  applied  and  how  large  is  their  part 
in  meeting  the  numerous  wants  of  our  American  civilization. 
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CHAPTER  LXIII. 


CONCLUSION. 


In  reviewing  the  preceding  pages  the  most  striking  fact 
wliich  presents  itself  for  our  consideration  is  the  great  stride 
made  by  the  world's  iron  and  steel  industries  in  the  last 
hundred  years.  In  1788  there  were  only  85  active  furnaces 
in  Great  Britain,  and  their  total  production  was  only  68,300 
gross  tons  of  pig  iron.  In  1882  Great  Britain  had  929  fur- 
naces, many  of  which  were  idle,  and  their  production  was 
8,586,680  tons,  which  has  not  since  been  exceeded.  In  1810 
the  production  of  pig  iron  in  the  United  States  was  53,908 
gross  tons,  and  in  1890  the  production  was  9,202,703  tons. 
A  hundred  years  ago  there  were  no  railroads  in  the  world 
for  the  transportation  of  freight  and  passengers.  Iron  ships 
were  unknown ;  there  were  no  steamships ;  and  all  the  iron 
bridges  in  the  world  could  be  counted  on  the  fingers  of 
one  hand.  Without  railroads  and  their  cars  and  locomo- 
tives, and  without  iron  ships  and  iron  bridges,  the  world 
needed  but  little  iron.  Steel  was  still  less  a  necessity,  and 
such  small  quantities  of  it  as  were  made  were  mainly  used 
in  the  manufacture  of  swords  and  tools  with  cutting  edges. 
It  was  at  the  beginning  of  the  railroad  era,  at  the  close  of 
the  first  quarter  of  the  present  century,  that  the  first  markeil 
increase  in  the  use  of  iron  and  steel  in  modern  times  took 
place.  This  was  in  1825,  just  sixty-six  yeiirs  ago,  when  the 
Stockton  and  Darlington  Railroad  in  England  was  opened. 
The  invention  of  the  steam  engine  in  the  latter  half  of  the 
preceding  century  made  the  railroad  era  possible. 

The  great  progress  made  by  the  world's  iron  and  steel 
industries  in  the  last  hundred  years  is  as  plainly  marked  in 
the  improvement  of  the  processes  of  manufacture  as  in  the 
increased  demand  for  iron  and  steel  products.  A  little  over 
a  hundred  years  ago  all  bar  iron  was  laboriously  shaped 
under  the  tilt-hammer  and  the  trip-hammer ;  none  of  it  was 
rolled.  Nor  was  iron  of  any  kind  refined  at  that  time  in 
the  puddling  furnace ;  it  was  all  refined  in  forges,  and  much 
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of  it  was  made  in  primitive  bloomary  forges  directly  from 
the  ore.  Cort  had  just  perfected  the  rolling  mill  and  the 
puddling  furnace.  Only  a  few  years  ago  a  prejudice  still 
existed  in  favor  of  hammered  bar  iron.  Nearly  all  the  blast 
furnaces  of  a  hundred  years  ago  were  blown  with  leather 
or  wooden  bellows  by  water-power,  and  the  fuel  used  in 
them  was  chiefly  charcoal.  Steum-power,  cast-iron  blowing 
cylinders,  and  mineral  fuel  had  just  been  introduced  in 
Europe,  but  not  in  this  country.  Sixty-five  years  ago  heat- 
ed air  had  not  anywhere  been  used  in  the  blowing  of  blast 
furnaces,  and  fifty-six  years  ago  anthracite  coal  had  not  been 
used  in  them,  except  experimentally.  Forty  years  ago  the 
Bessemer  process  for  the  manufacture  of  steel  had  not  been 
heard  of,  and  the  open-hearth  process  for  the  manufacture 
of  steel  had  not  been  made  a  practical  success.  Thirty-five 
years  ago  the  regenerative  gas  furnace  had  just  been  invented. 
The  nineteenth  century  has  been  the  most  prolific  of  all  the 
centuries  in  inventions  which  have  improved  the  methods 
of  manufacturing  iron  and  steel  and  which  have  facilitated 
their  production  in  large  quantities. 

The  next  most  important  fact  that  is  presented  in  the 
preceding  chapters  is  the  astonishing  progress  which  the  iron 
and  steel  industries  of  the  United  States  have  made  within 
the  last  thirty  years.  During  this  period  we  have  not  only 
utilized  all  cotemporaneous  improvements  in  the  manufact- 
ure of  iron  and  steel,  but  we  have  shown  a  special  aptitude, 
or  genius,  for  the  use  of  such  improvements  as  render  pos- 
sible the  production  of  iron  and  steel  in  large  quantities. 
Enterprising  and  progressive  as  the  people  of  this  country 
have  always  been  in  the  manufacture  of  iron  and  steel  they 
have  shown  in  the  last  thirty  years  that  they  have  in  all  re- 
spects been  fully  alive  to  the  iron  and  steel  requirements  of 
our  surprising  national  development.  If  we  had  not  applied 
immense  blowing  engines  and  the  best  hot-blast  stoves  to  our 
blast  furnaces  our  present  large  production  of  pig  iron  would 
have  been  impossible.  If  we  had  not  built  numerous  large 
rolling  mills  and  steel  works  we  could  not  have  had  a  suf- 
ficient supply  of  plate  iron  and  steel  for  locomotive  and 
other  boilers,  and  for  the  hulls  and  frames  of  ships,  nor  for 
oil  tanks,  nails  and  spikes,  and  other  important  uses ;  nor 
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of  sheet  iron  and  steel  for  stoves,  the  coverings  for  locomo- 
tives, and  for  domestic  utensils ;  nor  of  beams,  tees,  angles, 
and  channel  iron  for  bridge-building  and  general  construction 
purposes ;  nor  of  iron  rails  for  our  railroads ;  nor  of  bar  iron 
and  rod  iron  for  a  thousand  uses.  If  we  had  not  promptly 
introduced  the  Bessemer  process  the  railroads  of  the  country 
could  not  have  been  cheaply  supplied  with  steel  rails,  and 
without  the  eighteen  million  tons  of  American  steel  rails 
which  have  been  laid  in  American  railroad  tracks  in  the 
past  twenty-four  years  our  leading  railroads  could  not  have 
carried  their  vast  tonnage  of  agricultural  and  other  products, 
for  iron  rails  could  not  have  endured  the  wear  of  this  ton- 
nage. If  we  had  not  established  the  manufacture  of  cruci- 
ble steel  and  introduced  the  open-hearth  process  there  would 
have  been  a  scarcity  of  steel  in  this  country  for  the  manu- 
facture of  agricultural  implements,  springs  for  railroad  pas- 
senger cars,  and  springs  and  tires  for  locomotives.  Foreign 
countries  could  not  in  late  years  have  supplied  our  extraor- 
dinary wants  for  pig  iron,  rolled  iron,  iron  and  steel  rails, 
and  crucible  and  open-hearth  steel ;  for,  if  there  were  no  other 
reasons,  the  naturally  conservative  character  of  their  people 
would  have  prevented  them  from  realizing  the  magnitude  of 
those  wants.  If  our  iron  and  steel  industries  had  not  been 
so  largely  developed  in  the  past  thirty  years  it  is  clear  that 
our  railroad  system  could  not  have  been  so  wonderfully  ex- 
tended and  strengthened  as  it  has  been ;  and  without  this 
extension  of  our  railroads  we  could  not  have  produced  our 
large  annual  surplus  of  agricultural  products  for  exporta- 
tion, nor  kept  the  price  of  these  products  to  our  own  peo- 
ple within  reasonable  limits ;  nor  could  our  population  have 
been  so  largely  increased  by  immigration  as  it  has  been. 

We  can  not  fully  comprehend  the  marvelous  nature  of 
the  changes  which  have  taken  place  in  the  iron  and  steel  in- 
dustries of  this  country  in  recent  years  unless  we  compare 
the  early  history  of  those  industries  with  their  present  devel- 
opment. 

In  Alexander  Hamilton's  celebrated  Repirrf  on  the  Subject 
of  ManvfadurvSy  presented  to  Congress  on  the  5th  of  Decem- 
ber, 1791,  just  one  hundred  years  ago,  it  was  stated  with  evi- 
dent satisfaction  that  "  the  United  States  already  in  a  great 
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measure  supply  themselves  with  nails  and  spikes,"  so  unde- 
veloped and  primitive  was  our  iron  industry  at  that  time. 
In  the  same  report  it  was  stated  that  in  the  fiscal  year  which 
ended  on  the  30th  of  September,  1790,  our  imports  of  nails 
amounted  to  1,800,000  pounds.  In  1790  Morse's  Geography 
claimed,  in  a  description  of  New  Jersey,  that  "  in  the  whole 
State  it  is  supposed  there  is  yearly  made  about  1,200  tons  of 
bar  iron,  1,200  ditto  of  pigs,  and  80  of  nail  rods,"  and  in 
1802  it  was  boastingly  declared  in  a  memorial  to  Congress 
that  there  were  then  150  forges  in  New  Jersey,  "  which  at 
a  moderate  calculation  would  produce  twenty  tons  of  bar  iron 
each  annually,  amounting  to  3,000  tons."  In  1891  there  were 
several  rolling  mills  in  New  Jersey  and  over  one  hundred  in 
the  United  States  each  of  which  could  produce  much  more 
bar  iron  in  three  months  than  all  of  the  150  forges  of  New 
Jersey  could  produce  in  a  year. 

Sixty  years  ago  the  American  blast  furnace  which  would 
make  four  tons  of  pig  iron  in  a  day,  or  28  tons  in  a  week, 
was  doing  good  work.  We  had  virtually  made  no  progress 
in  our  blast-furnace  practice  since  colonial  days.  In  1831 
it  was  publicly  proclaimed  with  some  exultation  that  "  one 
furnace  erected  in  Pennsylvania  in  1830  will  in  1831  make 
1,100  tons  of  pig  iron."  But,  as  George  Asmus  has  pleas- 
antly said,  "a  time  came  when  men  were  no  longer  satisfied 
with  these  little  smelting  pots,  into  which  a  gentle  stream  of 
air  was  blo^\Ti  through  one  nozzle,  which  received  its  scanty 
supply  from  a  leather  bag,  squeezed  by  some  tired  water- 
wheel."  After  1840  our  blast-furnace  practice  gradually  im- 
proved, but  it  was  not  until  about  1850  that  any  furnace  in 
the  country  could  produce  150  tons  of  pig  iron  in  a  week, 
and  not  until  1865  that  this  product  had  ceased  to  excite  sur- 
prise. Ten  years  later,  in  1875,  we  had  several  furnaces  each 
of  which  could  make  700  tons  of  pig  iron  in  a  week ;  in 
1880  we  had  several  each  of  which  could  make  1,000  tons  in 
a  week ;  in  1881  we  boasted  of  having  one  furnace  which 
had  made  224  tons  in  a  day,  1,357  tons  in  a  week,  and  5,598 
tons  in  a  month ;  but  in  1890  we  had  one  furnace  which 
had  made  502  gross  tons  in  a  day,  2,462  tons  in  a  week,  and 
10,603  tons  in  a  month. 

In  1810  we  produced  53,908  gross  tons  of  pjg  iron  and 
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cast  iron :  in  1840  we  produced  286,903  tons  of  pig  iron ;  in 
ISirJO  we  produced  821,223  tons:  in  1S80  we  produced  3,835,- 
191  tons:  and  in  1890  we  produced  9,202,703  tons. 

In  his  Ticeniy  Years  of  Congrtss  Mr.  Blaine  says  that  in 
the  First  Congress,  in  1789,  Mr.  Clymer,  of  Pennsylvania, 
aske*l  for  a  protective  duty  on  steel,  stating  that  a  furnace 
in  Philadelphia  "  had  produced  3CK)  tons  in  two  years,  and 
with  a  little  encouragement  would  supply  enough  for  the 
consumption  of  the  whole  Union."  In  1810,  eighty-one 
years  ago,  we  produced  only  917  tons  of  steel,  none  of  which 
was  crucible  steel.  In  1831,  twenty-one  years  later,  we  pro- 
duced only  2,000  tons  of  steel,  certainly  not  one  pound  of 
which  was  crucible  steel,  all  being  blister  steel.  So  humble 
were  our  attainments  as  steelmakers  in  1831  that  we  con- 
sidered it  a  cause  of  congratulation  that  "  American  compe- 
tition had  excluded  the  British  common  blister  steel  alto- 
gether." In  1849  Frederick  Overman  declared  that  "the 
United  States  are  at  present,  and  will  be  for  some  time  to 
come,  dependent  upon  other  countries  for  steel."  He  added 
that  "  in  Pittsburgh  attempts  have  been  made  to  manufact- 
ure steel,  but  we  doubt  whether  an  article  of  good  quality 
can  ever  be  produced  in  that  region."  In  1882  we  had 
virtuallv  ceased  to  make  even  the  best  blister  steel,  better 
American  steel  having  taken  its  place,  and  in  that  year  we 
produced  1, 736,092  gross  tons  of  steel  of  all  kinds,  75,972 
tons  of  which  were  crucible  steel.  In  1880  our  production 
of  Bessemer  steel  and  Bessemer  steel  rails  was  larger  than 
that  of  Great  Britain,  and  in  nearly  every  subsequent  year 
our  production  of  Bessemer  steel  ingots  has  continued  to  be 
larger,  while  our  production  of  Bessemer  steel  rails  has  in- 
variably been  larger.  In  1890  we  produced  a  grand  total  of 
4,277,071  gross  tons  of  steel,  which  was  far  more  than  Great 
Britain  had  ever  produced  in  one  year. 

It  was  not  until  1844  that  we  commenced  to  roll  anv 
other  kind  of  rails  than  strap  rails  for  our  railroads.  In 
that  year  we  rolled  our  first  ton  of  T  rails.  In  1847  we  rolled 
40,900  gross  tons  of  rails ;  in  1849  the  production  fell  to  21,- 
712  tons ;  in  1854  it  increased  to  96,443  tons ;  and  in  1855  it 
was  hoped  by  the  officers  of  the  American  Iron  Association 
that  it  would  amount  to  135,000  tons,  but  this  hope  was  not 
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quite  realized.  In  1880  we  produced  1,305,212  gross  tons  of 
rails,  nearly  two-thirds  of  which  were  steel  rails.  In  1881 
we  increased  our  production  of  rails  to  1,646,518  gross  tons, 
nearly  three-fourths  of  which  were  steel  rails.  In  1882  and 
1883  the  proportion  of  steel  rails  to  iron  rails  produced  was 
much  larger.  In  recent  years  we  have  rolled  steel  rails  al- 
most exclusively,  and  in  1887  our  total  production  of  rails 
of  all  kinds  amounted  to  2,139,640  gross  tons,  which  has  not 
since  been  exceeded  owing  to  the  decline  in  the  building  of 
new  railroads. 

Although  this  country  can  not  produce  iron  and  steel 
as  cheaply  as  European  countries  which  possess  the  advanta- 
ges of  cheap  labor  and  proximity  of  raw  materials  it  is  not 
excelled  by  any  other  country  in  the  skill  which  it  displays 
or  the  mechanical  and  scientific  economies  which  it  practices 
in  any  branch  of  their  manufacture,  while  in  certain  leading 
branches  it  has  displayed  superior  skill  and  shown  superior 
aptitude  for  economical  improvements.  Our  blast-furnace 
practice  is  the  best  in  the  world,  and  it  is  so  chiefly  because 
we  use  powerful  blowing  engines  and  the  best  hot-blast 
stoves,  possess  good  fuel,  and  carefully  select  our  ores.  The 
excellent  quality  of  our  pig  iron  is  universally  conceded. 
Our  Bessemer-steel  practice  is  also  the  best  in  the  world. 
We  produce  much  more  Bessemer  steel  and  roll  more  Besse- 
mer-steel rails  in  a  given  time  with  a  given  amount  of  ma- 
chinery, technically  termed  a  plant,  than  any  of  our  Euro- 
pean rivals.  No  controversy  concerning  the  relative  wearing 
qualities  of  European  and  American  steel  rails  now  exists, 
and  no  controversy  concerning  the  quality  of  American  Bes- 
semer ores  ever  has  existed.  We  experience  no  diflBculty  in 
the  manufacture  of  open-hearth  steel  in  the  Siemens-Mar- 
tin or  Pernot  furnace,  and  our  steel  which  is  thus  produced 
is  in  general  use  side  by  side  with  crucible  steel.  In  the 
manufacture  of  crucible  steel  our  achievements  are  in  the 
highest  degree  creditable.  In  only  one  respect  can  it  be  said 
that  in  its  manufacture  we  fall  behind  any  other  country ; 
we  have  not  paid  that  attention  to  the  production  of  fine  cut- 
lery steel  which  Great  Britain  has  done.  This  is,  however, 
wholly  due  to  commercial  and  not  to  mechanical  reasons. 
American  crucible  steel  is  now  used  without  prejudice  in  the 
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manufacture  of  all  kinds  of  surgical  instruments  and  dental 
tools,  and  in  the  manufacture  of  many  other  articles  for 
which  the  best  kinds  of  steel  are  required. 

In  the  quantity  of  open-hearth  and  crucible  steel  produced 
in  a  given  time  by  a  given  plant  we  are  certainly  abreast  of 
all  rivals.  Our  rolUng-mill  practice  is  fully  equal  to  the  best 
in  Europe.  The  quality  of  our  rolled  iron  and  steel  is  gener- 
ally superior  to  and  is  always  equal  to  that  of  foreign  rolled 
iron  and  steel.  In  the  rolling  of  heavy  armor  plates  we  have 
recently  made  great  progress.  In  the  production  of  heavy 
forgings  and  castings,  as  well  as  of  all  lighter  products  of  the 
foundry  and  machine-shop,  this  country  has  shown  all  the 
skill  of  the  most  advanced  ironmaking  countries  in  Europe. 
At  the  works  of  the  Bethlehem  Iron  Company  we  have  the 
largest  steam  hammer  in  the  world,  and  at  the  same  works 
there  are  hydraulic  forging  presses  which  will  favorably  com- 
pare with  any  in  Europe.  In  the  production  of  steel  cast- 
ings we  have  also  sho^^Ti  great  skill  and  much  enterprise. 

All  our  leading  iron  and  steel  works  and  very  many  of 
our  small  works  are  now  supplied  with  systematic  chemical 
investigations  by  their  own  chemists,  who  are  often  men  of 
eminence  in  their  profession.  The  managers  of  our  blast 
furnaces,  rolling  mills,  and  steel  works  are  themselves  fre- 
quently well-educated  chemists,  metallurgists,  geologists,  or 
mechanical  engineers,  and  sometimes  all  of  these  combined. 
Our  rapid  progress  in  increasing  our  production  of  iron  and 
steel  is  not  merely  the  result  of  good  fortune,  or  favorable 
legislation,  or  the  possession  of  unlimited  natural  resources, 
but  is  largely  due  to  the  possession  of  accurate  technical 
knowledge  bv  our  manufacturers  and  bv  those  who  are 
in  charge  of  their  works,  combined  with  the  characteristic 
American  energy  which  all  the  world  has  learned  to  respect. 
The  *'  rule  of  thumb  "  has  long  ceased  to  govern  the  opera- 
tions of  the  iron  and  steel  works  of  this  countrv. 

What  wonderful  changes  have  taken  place  since  those 
"  good  old  colony  times  "  and  the  early  days  of  the  new  re- 
public, when  our  fathers  needed  only  a  little  iron  and  what 
little  they  required  was  made  by  slow  and  simple  methods! 

A  feature  of  our  iron  and  steel  industries  which  has 
attended  their  marvelous  productiveness  in  late  years  is  the 
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aggregation  of  a  number  of  large  producing  establishments 
in  districts,  or  "centres,"  yi  lieu  of  the  earlier  practice  of 
erecting  small  furnaces  and  forges  wherever  sufficient  water- 
power,  iron  ore,  and  charcoal  could  be  obtained.  This  ten- 
dency to  concentration  is,  it  is  true,  not  confined  to  our  iron 
and  steel  industries,  but  it  is  to-day  one  of  the  most  power- 
ful elements  which  influence  their  development.  It  had  its. 
beginning  with  the  commencement  of  our  distinctive  roll- 
ing-mill era,  about  1830,  but  it  received  a  powerful  impetus 
with  the  establishment  of  our  Bessemer-steel  industry  within 
the  last  twenty  years.  Pittsburgh  is  to-day  the  most  pro- 
ductive steel  centre  in' the  world. 

How  great  has  been  the  change  I  In  colonial  days  and 
long  after  the  Revolution  our  ironmaking  establishments  be- 
longed to  the  class  of  manufacturing  enterprises  described 
by  Zachariah  Allen,  in  his  Science  of  Mechanics^  in  1829. 
"  The  manufacturing  operations  in  the  United  States  are  all 
carried  on  in  little  hamlets,  which  often  appear  to  spring  up 
in  the  bosom  of  some  forest,  gathered  around  the  waterfall 
that  serves  to  turn  the  mill-wheel.  These  villages  are  scat- 
tered over  a  vast  extent  of  country,  from  Indiana  to  the 
Atlantic,  and  from  Maine  to  North  Carolina,  instead  of  be- 
ing collected  together,  as  they  are  in  England,  in  great  man- 
ufacturing districts."  While  these  primitive  and  picturesque 
but  unproductive  methods  could  not  forever  continue  it  is 
greatly  to  be  regretted  that  our  manufactures  of  iron  and 
steel  and  other  staple  products  could  not  have  grown  to  their 
present  useful  and  necessary  proportions  unattended  by  the 
evils  which  usually  accompany  the  collection  of  large  man- 
ufacturing populations  in  small  areas. 

But  the  progressive  spirit  of  this  wonderfully  creative 
age  not  only  tends  steadily  toward  still  further  concentration 
of  our  manufacturing  industries  in  districts  or  centres  but 
it  also  invites  and  in  many  instances  even  compels  the  con- 
solidation under  one  management  of  large  amounts  of  man- 
ufacturing capital  and  of  separate  manufacturing  resources. 
The  iron  and  steel  industries  of  this  country  furnish  in  late 
years  a  notable  illustration  of  this  latter  tendency.  At  Pitts- 
burgh Mr.  Andrew  Carnegie  and  his  associates,  at  Chicago 
the  Illinois  Steel  Company,  and  at  Steelton  and  Sparrow's 
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Point  the  Pennsylvania  Steel  Company  respectively  control 
plants  for  the  manufacture  of  pig  iron  and  steel  which  sepa- 
rately have  greater  producing  capacity  in  each  of  these  spe- 
cialties than  the  plants  of  any  European  company,  while  the 
works  of  the  Lackawanna  Iron  and  Steel  Company  at  Scran- 
ton  can  produce  more  steel  alone  than  any  European  plant. 
Is  it  any  wonder  that  in  1890  this  country  produced  over 

34  per  cent,  of  the  world's  production  of  pig  iron  and  over 

35  per  cent,  of  its  production  of  steel ! 

Upon  the  future  prospects  of  the  iron  and  steel  industries 
of  this  country  it  is  not  necessary  for  us  to  dwell.  Our  re- 
sources for  the  increased  production  of  iron  and  steel  for 
an  indefinite  period  are  ample,  and  all  other  essential  con- 
ditions of  continued  growth  are  within  our  grasp.  We  are 
to-day  the  first  ironmaking  and  steelmaking  country  in  the 
world.  We  surpass  even  Great  Britain  in  the  production  of 
pig  iron  and  in  the  aggregate  production  of  steel.  We  con- 
sume much  more  iron  and  steel  than  any  other  country. 
These  conditions  and  results  are  certainly  gratifying  to  our 
national  pride.  They  mark  wonderful  industrial  achieve- 
ments by  a  young  nation  in  a  space  of  time  so  brief  that 
we  may  almost  say  it  dates  from  yesterday.  They  are  also 
prophetic  of  other  and  still  greater  achievements.  If  it  be 
true,  as  it  is  recorded  in  the  second  chapter  of  Daniel,  that 
**  iron  breaketh  in  pieces  and  subduetli  all  things,"  then  the 
country  which  produces  and  consumes  the  most  iron  and 
steel  must  take  the  first  rank  in  extending  and  influencing 
the  world's  civilization. 

Meanwhile  the  fact  is  worthy  of  notice  that  the  saying 
of  Bishop  Berkeley,  "  westward  the  course  of  empire  takes 
its  way,"  has  already  received  a  new  interpretation,  for  the 
iron  industry,  the  source  and  sign  of  material  power,  which 
had  its  beginning  in  Asia  and  afterwards  passed  successively 
to  the  countries  upon  the  Mediterranean,  along  the  Rhine, 
and  in  the  north  and  west  of  Europe,  and  thence  crossed  the 
Atlantic  ocean,  now  finds  a  home  in  the  shadows  of  the 
Rockv  mountains  and  bv  the  Golden  Gate  of  the  Pacific 
ocean.     It  has  made  the  circuit  of  the  world. 
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